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Ad vertiſement. 


HE READER 2s deſir'd to pardon 4 
ſome Miflakes which I have made ” 
in the fourth and fifth Pages of the Intro- 
duction,” concerning the Moons's Atmo- 
ſphere. I wrote it two Days after the 
Eclipſe, when the Accounts that came in 
from ſeveral Parts ſeenrd to agree with 
what ] laid down; but it appears by the 
Olſervations made upon the Glory which 
appeard about the Moon, of which we 
have ſince had eAccounts, that it was re- 
ally concentric with the Sun; beſides, its 
breadth being between a ſeventh and eighth 
of the Moons Diameter, or 7, Minutes; 
if we allow a Mile for every Second, the 
Moons eAtmoſphere woud at that rate 
be ſenſible for the height of 450 Miles, 
whereas the Earth's eAtmoſphere is ſenſi- 
ble no higher then 45 or 50 Miles from the 
Earthys Surface: So great a Diſproportion 
does yot ſeem 2 eſpecial ly fince we 
can ſo diſiinftly ſee the Spots of the Moon. 
Not withſianding all this, we do believe 
that the Moon ; an eAtmoſphere, but too 
thin and low to agree with the Phænome- 
non of the Glory viſible when the Eclipſe 
was total. I had not given the Reader 
the trouble of this Correction, but that the 
firſt half Sheet of this Introduction was 
Printed oft before I cou'd alter it. 


W. BrxowWNEe. 
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 Shewing the Diſcoveries made by 
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s 4 gieat Eacoutigement for 
fthoſe who w_ 200 He Pains 
do perfect themſelves an 
— — Science, to be firſt inforth'd 5 
What Service it will be to un. 
derſtand it: And ſince tliere is no part of 
Learning of ſo real and general benefit to. 
Mankind, as this of Catoptrics and Diop. 
trics, it is but Juſtice both to the gubject 
and Reader, to give ſome account of the 
many wonderful Diſcoveries which we owe 
entirely to tllis Science. 

The Sight of Man is of it ſelf confined to 
very narrow Views, and though it takes in 
a great part of the Creation at once, ye? 


[a] all 
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ü INTRODUCTION 
all is repreſented in Miniature and imper- 
q feectly. The naked Eye ſees only ſo much o 


external Objefs as is ſufficient to move the 
| prihcipal Paſſions, and give notice of what 
Ws. 5 mie immediately concerns the Safety and 
| a Happineſs of the Animal. What is more 


rioſity, which we might exerciſe thoſe 
os mT are beſtovFd by our boun- 
tiful Creator for this very End, of ſearch- 
ing inch the aſtoniſhing Mechaniſm of all 
his Works, and from thence enlarging our 
Idea of bis Greatneſs, Objects placd at 
a great diftance, whether upon the Sur- 
face of Our Earth, or in the Heavens, 
are ſeen under ſo ſmall an Angle, that 
their Earts are not to be diſtinguiſn d one 
from angther; and, bi this means thoſe: 
diſtant charming Scenes of Nature were 
hid from us, y. 155 the Study of Catoptrics' 
and Pioptricks has ſince laid ppen to our 
View. This noble. ae eee 
teaches us e a due Poſition, of Glaſſes 
ig ia tain Figures, wie May en- 
large the DMA ok the Heavenly Bo- 
dies, and all ſuch Objefs to which, we are 
allow'd, no nearer approach, in What pro- 
portion we pleaſe, and view them as per- 
fectly and diſtinctly as if we could: ſummon 
them before us, and command them to the 
End of our Tel etope. This has brought us 
TR © 7-2 _nil 


| than this, was left as a Subject for our Cu- 
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INTRODUCTION. Hi 
into a perfect Acquaintance wich thiſe fun- 
prizing parts of the Creatin, wN are 
fr ſeparate from hk Globe of ours, ane 
with which we are #Howd/no'Commierce 
but looking. Wel can now perceive che 
Sn to be à vaſt Globe of Fire, and bythe 
differenł . Phaſes: of all the 'Plan#fs,' cut 
He is the Fountain of alltheir Ligbti The 
Surfaces of moſt of them appear like ſo 
many Maps of Land and Water, and there 
are few now but allo both them and the 
fix d Stars ſome nobler 'ufe than to twinkle 
upon us o' Nights. By fixing upon ſome 
remarkable Spots upon their Surfaces, and 
obſerving how they ſhift their Poſition, 
and in what time they again return to the 
ſame place, we determine the Motion of 
theſe Bodies round their «Axes, and the 
Time in which that Revolution is per- 
form'd. . Several ſeconddiy Planets or Sa- 
tellits,; which were too ſmall for the naked 
, Eye, are now deſcern'd to move round 
Jupiter and Saturn, as the Moos round 
our Earth; and about the laſt of them is 
ſeen the particular Phenomenon of an A- 
nulus or Ring. Nor is the Diſcovery of 
theſe Satellite meerly ſpeculative, but of 
prodigious uſe and advantage; for their' 
Eclipſes have determin'd ' the Velocity of 
Light, as Romer has ſhewn,) and are ſo fre- 
quent as to be the moſt conftaht appearance” 
We [a 2] the 
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W INTRODUCTION. 
the Heavens afford us at preſent, for the 
Solution of the great and valuable Problem 
of the Longitude. The Diſtances, Mag- 
nitudes, and Motions of all the Heaven 
Bodies, and even the Irregularities of the 
Moon, have by this means been ſo nicely 
obſerv'd, and by the Power of Numbers 
reduc'd within ſome few Tables for com- 
mon and eaſy Uſe, that their Places for any 
determinate Inſtant of Time to come are 
now to be predicted as eaſily, and almoſt 
as exactly as we could with. 

The nice Prediction Dr. Halley gave of 
the late Solar Eclipſe, total at London, a a. 
rare fight 1n our part of the Globe, is ſuch 
an Inſtance of the great Perfection to which 
we are arriv'd in theſe Matters, as has 
amaz'd thoſe unthinking Gentlemen, who 
were only to be row-z d out of their Secu- 
rity in Ignorance by the apprehenſions of 
VDeomſday, And here, in a particular man- 
ner, Jet me congratulate the learned World 
upon the long look?d for Diſcovery of the 
Lunar eAtmoſphere, which the Teleſcopic 
Obſeryations upon this noble Phenomenon 
have at laſt demonſtrated : For befides the 
remarkable Dimneſs of the Suns Light as 
the Moon was coming on, in compariſon 
with that which was obſerv'd as ſhe went 
af ; the Reaſon of which might very well be, 
that the preceding part of the Moon's at- 


moſphere 
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moſphere which firſt came over the Sun, 

having enjoy'd a Lunar Day of 15 of our 

Days, muſt be full of Vapours rais'd to a 

great Height — the conſtant Action of the 

Solar Heat, and fo give a conſiderahle Inter- 

ruption to his Rays in their paſſage to us, 

whilſt that which laſt left the Suns Diſc 

having enjoy'd a Lunar Night of the ſame 

length, muſt have its Vapours condenſed 

3 ſunk upon the Surface of the Moon, 

and fo become clear and pellucid; beſides 
this, the Ring of Light, which was viſible 

f round the Moon, during the total Darkneſs, 

F was oObſerv'd to be concentrical with the 

| Moon her ſelf, even by thoſe who faw the 

| total Darkneſs little more than momentary, 

which is a plain Demonſtration of a Lunar 

| eAtmoſphere, The prodigious Diſtances of 

| the fd Staus beyond that of any of our 

Planets, is, beſides their little or no Au. 

nual Parallax, plainly deducible from the 

Teleſcope; for the longeſt that ever was 

made, and which perhaps repreſents their 

arent *Diameters one or two hundred 

times larger than the Truth, has been fo 

far from magnifying them, that by cutting 

off thoſe irregular Rays which hinder us 

from diſtinguiſhing the true Termination 

of their Orbs, it makes them appear ſome- 

thing leflen'd ; beſides that Mr. Huygens 

has given a Method of eyen —_— 

cle 
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theſe Piſtances by K N of the Tele- 


ſcope, 21 10 7 | 

It is how. clond no abſurd Ne otion to 
conceive theſe fred Stars as ſo many Snt, 
probably at as great diſtances one fromano- 
ther are from us, andevery one their 
Sytemof inhabited Planets circling round it: 
And perliaps the number of thoſe which wie 
ſee, counted by Hevelins to be 1888, may 
bear little or no proportion to thoſe. others 
that may be diſpers d thro the vaſt 
of the Univerſe, at ſuch diſtances: from 
our, little | Ball, that no aſſiſtancè can 
ever: help us to a ſight of them. A Notion 
that gives, ſurely the moſt juſt and noble 
Sentiments that the Mind of Man can enter. 
tain of — Almighty Author! That the 
milkły Way in tlie Heavens, which we be 
er Ar 2:0lcar Star- light N ight, i 18 notlu 
elſe but a continued Chiſter of ſuch g#x2 
Stars is a Truth of which we are afſur'd 
by the Teleſcope. And tor the ſame: help it 
is we owe all we know; of thoſe Heavenly 
Bodies call'd Comets; their Diſtance, Mag- 
nitude, and Motion round the Sun — ſuch 
Eccentrical Orbits, as come ſome of them 
very near to right Lines. To what a ſur- 
prizing height this Cometical eAſtronamy 
has been carried hy tlie preſent Age, not- 
withſtanding the Obſervations we have been 
* to make upon theſe Bodies are ſo ou 

an 
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lexing but — we — correct our He- 
255 a Table Refractiions. It is true 

Ratio of ion of the At here 
very near the Horixon does not obſerve. a 


conſtant Rule, hecayſe there happens, a ves: 
ry great - eh inthe, Accum 


- of} 
Vapours abou. a Parts: Hort en this 
Vari tion Ie pretty rly upon 
the Poſition of the Sun ene [+ Lhe 
Horizon, and the different State ef the 
Weather; and if in the Morning or Even- 
ing we ſee the lower 2 of a diſtant 
Tower or Mountain thr « eee fix d 
in Poſition, we ſhall find the upper parts: 
of the ſame Tower or Mountain in the. 
fame place, if our Obſervations be made 
nearer Noon, and juſt at Noon the ſame 
Object will be ſeen —— of all, as the ac- 
curate Mr. Huygens has obſerv d; and this 
difference is Sreater i oo 10 moiſt than 
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vii INTRODUCTION. 
in hot and dry Weather, and tho” not in 4 
proportion always certain, yet conftant 
— for Phyſical Purpoſes. The Cre- 
puſculum or Twilight is determin'd from 
the Rays of the Sun below the Horizon, 
firſt refracted at their entrance into the 
Earth's Atmoſphere, and then reflected from 
that part of it near our Horizon, or rather 
from the contiguous Surface of the Æther, as 
from a Concave Speculum : And the height 
of the eAtmoſphere has been attempted from 
this Theorem by Varenius, but the Air be- 
ing a Medium of different Denſity, and con- 
ſequently of different Refraction at diffe- 
rent Diſtances from the Earth, refracks the 
Rays of the Sun into Curves, and makes 
that Solution leſs exact. In ſhort, withs 
out the aſſiſtance of Teleſcopes, eAſtronomy 
could have come to nothing, and our Ob- 
ſervations on the Heavens had gone little 
further than foretelling a fine Morning from 
the ſetting of the Sun, or a Shower of Rain 
from the courſe of the Clouds. Theſe In- 
ſtances are ſufficient to ſhew that all the 
noble Diſcoveries ot the Heavens, of which 
the preſent Age may fo juſtly boaſt, are 
deriv*d from the Knowledge of Catoptrics 
and Dioptrics; and whatever Improve- 
ments are hereafter to be made, can be ex- 
pected from no other Fountain. | 
I ſhall now deſcend to a Proſpect no lefs 
amazing, which the ſame Science opens to 
us 
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INTRODUCTION. ix 
us in the minute parts of the Creation. The 
Difficulty which hinder'd the naked Eye 
from examining the ſmalleſt Particles and 
ſubtle Texture of thoſe Bodies that are al- 
ways under our Command, was, that when 
ſuch Objects are brought near enough the 
Eye to have their leaſt Parts ſubtend a ſen- 
ſible Angle, tliey become without the li- 
mits of diſtin Vifou. For as long as the 
Pupil of the Eye can, by the Circular Fibres 
of the Uyea, be contracted in proportion 
as the Qbje# is brought nearer, the Cores of 
Rays from each Point may ſtill be look'd 
upon as Cylinders, and will conſequently 
be brought to a Point in the Focus of the 
Eye, which is at the Retina, and ſtill make 
LRnd Vigan':' But this Contraction of the 
eApertare of the Pupil holding no nearer 
than about four Inches from the Eye, if the 
Obje#-is brought nearer than this, the en- 
creas'd Magnitude is of no farther ſervice, 
becauſe the Rays from each Point muſt be 
now conſider'd as diverging, and will con- 
ſequently after refract ion at the Eye be made 
to converge to a Focus beyond the Retina, 
or Focus of parallel Rays, and ſo make con- 
fuſed Vigen ; and the nearer the Object ap- 
oaches, the farther is its Image projected 
eyond the Focus of the Eye, and becomes 
o much the more confuſed. Dioptrics 
teaches 1s 'to remedy this Inconveniency 
cb] two - 


x INTRODUCTION. 
two ways; the firſt is by looking thro” 2 
hole-prick'd in a thin Plate, ſuppoſe of Lead, 
whoſe Aperture muſt be ſo much the 
{ſmaller as the 0bje& is nearer, for this ſup- 
plies the place of-a farther Contraction of 
the Pupil : But becauſe this. leflening the 
the Aperture, excludes a great many Rays 
from each Point, and ſo diminiſhes the 
brightneſs of the Image, and that in a du- 
plicate Ratio of the Diameter of the leſ- 
ſen'd eAperture, the ſame Science has alſo 
pointed out tous the more curious Invention 
of the Microſcope. By means of this, we 
diſcern the admirable Range of the conſti- 
tuent Particles of all ſuch Bodies as come 
within our nearer view and acquaintance. 
The Cuticula or outward Skin of the Hu- 
mane Body is found to be compoſed of ſe- 
veral Strata of Scales, lying one over ano- 
ther in different Numbers, according to its 
different thickneſs in different places: Be- 
tween theſe Scales the miliary Glands di- 
ſperſed over the Surface of the whole Body, 
are ſeen to ſend out their Excretory Ducts, 
thro' which we perſpire; and about one of 
theſe Scales the Microſcope reckons near 
500 ſuch Ducts, and that one Grain of 
Sand will cover 250 ſuch Scales; ſo that 
one Grain of Sand will cover 125000 Ori- 
fices of theſe Excretory Dufts. A Diſco- 
very that muſt make us bleſs our _— _ 
88 | an 
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ſand aſtoniſh'd at the Infinity of the Crea. 
tor, when the Creature is ſo much be- 
yond our Comprehenſion ! The inquiſitive 
Mr. Lewenhoek has oblig'd the World with 
a prodigious Number of ſuch ſurprizing 
Truths, which the curious Reader will 
find among his Writings. The extream 
Ductility and Minuteneſs of the Particles 
of Gold is no leſs wonderful ; for a piece of 
Silver gilt with Leaf Gold, and drawn into 
the fineſt gilt Wire, whoſe Diameter is. 
#7 Of an Inch, and the thickneſs of the 8kin- 
of Gold, (as Dr. Halley has, from the Spe- 
cifick Gravities of the two Metals, compu- 
ted it) not above g of an Inch, diſco- 
vers not the leaſt Particle of Silver through 
the Pores of this Skin of Gold, tho? view'd 
by the Microſcope. The Particles of the 
Duſt which flies like Smoke out of the Fun. 
gus Pulverulentus, or Puff Ball when burſt, 
are diſcern'd to be perfect Spherules of 
an Orange Colour, ſomething tranſparent, 
and their Diameters not above + of that of 
an Hair; ſo that a Cube of an Hairs breadth 
would contain 125000 ſuch Spherules. The 
Circulation of the Blood, that noble Diſ- 
covery of our Immortal Harvey, 1s now 
made viſible in the tranſparent parts of A+ 
nimals, ſuch as the Finsand Tails of Fiſhes, 
and the Feet of Frogs; and the He 
maſis of the Arteries and Veins put out of 


[b 2] Queſtion, 


of the Tick, and the Briſtles of the Mite ; 


*whoſe Tendons ſeem all to be united in a 


of. the Legs, and in thoſe of the Head as 


the pulſe regularly beating in ſeveral Ar- 


{lillock, and muſt he diluted with fair 
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xi INTRODUCTION. 
Queſtion. It is no leſs inſtructive than cu- 
rious to behold the differeht Organization 
of the leſſer Species of Animals, as the regu- 
lar Armour of the Fea, the jagged Proboſcis 


and in a Lotoſe as he he ſtirs his Legs, you 
fee the Motion of the Mwſcles of his Body, 


longiſh dark Spot in the middle of his 
Breaſt, and the like Motion is obſervable 
in the Muſcles of the ſeveral Articulations 


he ſtirs his Horns, there alſo appears a great 
variety of Branchings of Blood-Veſſels, and 


teries, and even the Periſtaltick Motion of 
the Inteſtines, continued from the Stomach 
all the way to the A uu, which is alſo to 
be ſeen in the Nea, and ſeveral forts of tran- 
ſparent Maggots and Caterpillars. Beſides 
theſe, the Microſcope has preſented us with 
an infinite variety of little eArimals, with 
which the naked Eye can have no Acquain- 
tance. They are obſervable in different 
Shapes and Sizes about the green Weeds 
proving in Water, in ſeveral Aromatick 
infuſions, and in the ſtanding Water in the 
Hollow of the Cabbage and Teazle, but in 
ach Numbers in that which drains from an 
Jorſe Dung - Hill, that they appear ſometimes 
as thick 4s Bees in a Swarm, or Ants on an 
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INTRODUCTION. xii 
Water to ſeparate their different Species. 
The eAnimalcnla in the Semen Vi#i12 are of 
all, the Subjects pom worthy our Notice 
and Admiration, becauſe from this little 
ſhapeleſs Creature, we have reaſon to be. 
lieve that the glorious Frame of Man him- 
{elf ariſes; and this the rather, becauſe in 
the Seeds of Plants and Trees the Microſcopè 
diſcovers the future Plant and Tree already 
form'd, and the Semen Maſculinum of other 
Animals, as Bucks, Hr. are found to be 
furniſh'd with its Animalcula: Where it is 
to be remark?d, that ſometimes the Viſci- 
dity of the Semen hinders the Succeſs of 
Obſervations of this kind, and muſt in ſuch 
Caſes be diluted with a little warm Water. 
This Theory of Generation is handſomely 
and at large explain'd in the Philoſ. Trau. 
ſaftions by Dr. Garden. The uſe of Mi- 
croſcopes has found that loathſome catch- 
ing Diſtemper the Itch, to be occafion'd by 
the Depredations made upon the Skin by a 
certain Speczes of voracious eAnimalcula, 
which are deſcrib'd in the Phil. Tranſ. by 
a Foreigner, in a Letter to Dr. Mead; and 
indeed ſeems to promiſe the finiſhing Hand 
to the Science of Medicine: For if we can 
once by a ſufficient Number of Experi- 
ments, determine the different change of 
the Texture of the Blood in every different 
Diſtemper from that which it enjoys in its 
ions ae „ 
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duce it to that natural State, there ſeems 
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natural and healthful State, and by mixing 
the ſmalleſt Particles of ſeveral Medicines 
with it, find out thoſe which will again re- 


to be nothing more wanting to the practic 
Part; and if the true Mechanic Theory of 
all theſe different Changes be ever to be 
known whilſt we live inthis Cloud of Fleſh, 
Im ſure we muſt have the Data for it from 
the Microſcope. The Method of eſtimating 
the Magnitude of Microſcopical Objects ſeen 
by a ſingle Lezs only, being ſo eaſy that 
any one-who knows ever ſo little of Plane 
Trigonometry will eaſily hit of it himſelf, is 
not mention'd in this Book ; beſides that 
it is already given by Dr. Keill in his Phy- 
cal Lectures; where he ſhews that an eAnui- 
malculum placed at the the Diſtance of 2 of 
an Inch before a ſingle Lens, and ſeen 
thro? it under an Angle of one Minute in 
length, is nearly Z= of an Inch long, and if 
its Figure were Cubical, the Magnitude of 
it would be ——— of a Cubick Inch. 
From whence he congludes with a great 
deal of Reaſon, that what ſome Philoſo- 
phical People dream of Angels, may very 
well be applied to theſe eAnimalcula, that 
when they have a mind to be merry, ſe- 
veral thouſand Couples of them may lead 
up a Country Dance upon the Point of a 
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I am ſenſible I need fay no more in Re- 
commendation of the Subject: And for ſo 
much of the Book as is Dr. Gregory's, the 


very Name of the Man gives it ſufficient 


Reputation. But IT am conſcious that part 
which I have attempted to add, ſtands in 
need of ſome Name to recommend it with 
which the World is much better acquainted 
than with mine ; and for that reaſon I have 
obtain'd the Favour of — uſe of thoſe 
of Mr. Jones and Mr. Deſaguliers. Men 
againſt whoſe Judgment in theſe Matters 
their A 3 of the following Papers 
is the only poſſible Objection; and whoſe 
Names can never fail of meeting with that 
Eſteem which they deſerve, when fix' d to 
any thing of their own, however they ma 
happen to be treated for appearing in this 
Place to recommend what is mine. 
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toptries and- Dioptrics, 

which were Eleven Tears 

15 o read: publickly in Le- 
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Fdinhordaph; I bab compoſed for 2 
Uſe of Toung Studentoz in fuch a manner; 
that nothing but Evciiy's Geometry 
ts required towards the underſtanding 
them: For tho I have likewiſe demon- 
ſtrated from bigher Principles, why 
Spheres and Conoids obſerve the ſunt 


Laws, both in refteciing and refracting 


Light; het thoſe who are ſollicitous 
only aboit the Properties of Plane and 


F — Surfaces; may, without the 
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ii Dr. Gxzcory's Preface. 
leaſt Trcouventency, paſs aver 1 that. 
Theſe laſt are what we have. more eſpe- 
cially conſider d, as alſo ſuch Optical 
Inftruments as are made by a Combina- 
tion of them} that be, whoſe Bffeds 
ariſe either from a fingle Lens or Spe- 
get ber. 1 have, as KERN ER' did be 
fore me, made uſe of ſome Poſtulata, 
tht come not quite up 10 Ezpmerrecat 
Stradineſs; but get are ol gr 2 = 


in reſolving Queſtions in Niu 
loſophy, which wou-d ot her aſe: of 
tremely antricate..., If tbeſe 7 
be found capable of inſtruqting ſuch as 
are-leſs converſant. in Optics, I. Gall 
have my End. 213 7 Wy 8 07 ache 
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IL HO SE. Qions; concern⸗ 
ing che Nature of Lucid 
J Bodics, and of Light; whicki 
uſually coſt Philoſophi- 
cal Writers ſo much Pains 

and Trouble, we have, af- 

ter tlie Example of Mathematicians, o- 

mitted. Fot if they, who by their Inven- 

tions, have ſo much improv'd this Science, 
had employ d all their Time in enquiring 

into the ö of its Object, * 
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INTRODUCTION. 


1 moſt hidden Cauſes of its Phe nemena, 
not contented with deducing aftet a 
Geometrical Manner from thoſe more ſim- 
ple and eaſily obſerv'd Properties of Light, 
others leſs obvious; Optics had fallen 
much ſhort of that Perfection to which 
they are now arriy'd, Therefore whether 
Light be the Aion of the Lugd Body 
driving on thoſe Bodies that ſie next it, 
which likewiſe drive on others next to 
_ and ſo on "a reſt, none of them 

40 mean time {ingly moving an 
ſiderabl le Space : for heh wy ſits, 
which is much more likely, of Corpuſcles 
projected with a very great Velocity from 
the Lucid Body thro the circumambient 
Spices ; or whether it be of A quite diffe- 
rent Nature, and — as _ hereafter, 
or perhaps never, be perfect! ly c diſcover'd ; 

"=p yet we may ih bet allowed to aſſume 
this Property of it, which is ſimple 3 gh, 
and confirm'd by E _ riments, That om 
every Lucid Point, Rays are every way 
propugited. in an Orb, and, in a Mediunt 
that is homogeneal, are diffaſed in right 
Lines (ſuch being the E after the 
ſame uniform Tenour. 


But if thoſe Rays meet wits 4 Medium 
differently affected, whoſe Parts either 
ſtrike them back, or diffuſe them more or 
leſs, than-the Parts of the former | 
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INTRODUCTION, v 
did, they will then ſuffer an Iuſlection, by 
which general Name, I wou'd, with o- 
ther Authors, underftand their Reflection, 
as well. as Refraction. For Light ſtriking 
upon a Surface, that abſolutely denies it 
Entrance, but yet hinders not its being 
diffuſed after the ſame manner as before, 
will all of it return back the eaſieſt way it 
can find, diffuſing it ſelf ſtill as at firſt; 
this is called Reflection of Light, and the 
Science which treats of the Laws it ob- 
ſerves according to the different Incidence 
of Rays upon Bodies of different Figures, 
is call'd Cetoptrics. But if the Medium, 
upon Which the Light ſtrikes, allows in- 
deed a Paſſage to its Rays, but then ſo as 
that they muſt be either more or leſs dif- 
fuſed than before, every Ray will be in- 
flected from the right Line, in which it 
was before diſpoſed to proceed, and this 
Inflection is call'd Refraition; and the Sci- 
ence which demonſtrates the Laws and Ef- 
tes of it, is call'd Dioperis. 

The Radiant, is that from every 
Point of which Rays are propagated. 

Parallel Rays, are ſuch as are equis 
diſtant from one another. 214 

Diverging Rays, are ſuch as, if produced 


borh ways, meet on the fide contrary 
B 3 ta 


vi INTRODUCTION: 
to chat towards which! they": move... at, 


C * 1 032 1750 


J „ 


1 17 


C tbr ging Rays, are ſuch a8, if produ- 
ed, meet on the page de cowards hich 
they” move. 511 dg JH 11 5 8 11. 

0 ei 3093 be. 1 21 ah; 2161 22 
It muſt be obſerv / that this Roll my 
Divergency and-Conwergency,is to be under- 
food of Rays ee; al from the uns 
Foint. , A ph 2:1 | 
9119 Þ 2K. 1 Aoitlx/ 9069; . 
The Bes is that Point, inwhich Rays 
ceeding from the ſame Point of the 
adiant, being produced, do meet; 
whenee the us of Parallel ney looked 
upon asinfinirely-diithat. « 
em 190» 50 nam vol] T6075 
he Angle of ntidente, is chit; which is 
made by thi Incident Ray, and a Right 
Line perpendicular to the Infleing.' Kr. 
face ar the Point: of 1 neidence. 


ith 


Thie Ang le of -RefloBtion, is "Og which 
is made by 2 Reflected Lene and the 
ſame . „ 


12 4 2 I 2 


ſ The t two 1 Wande we 
have: aſſumed for nog becauſe they a- 
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t. A Ray of Light falling perpendiou- 
larly” uj e Pi Infſecting Serben, aner 
roceedsUireAly for ward or is reflected 
back upon it lf; "For fince the Directibn 
of the Ray to the Inflecting Surface,” is, of 
all that can be drawn from the Radiant 
Point, either the leaſt, if the Inflecting 
Surface be a Plane, or perhaps, where this 
Circumſtance is wanting, the greateſt, and 
in both Caſes a determinate, and only one 


of its kigd'4\thi&Ray will ſtill perſiſt in the 


ſame Dire&wny oceeding forward, 
or returning Baekwatrdg; .» For there are in- 
numerable RightEWMSInglih'd to this on. 


one in any given s one of which 
can conſequently cl its ſelf the Di- 
rection of the Ray With greater Juſtice 
than the reſt. : 


2. If a Plane be ſuppoſed, produced 
thro? the Incident Ray, and a Right Line 
perpendicular to the Inflefting Surface at 
the Point of Incidence, the Infleted Ray 
Will likewiſe be found in the (ame Plane: 
or, which is the ſame thing, every In- 
flection is made in a Surface that is per- 
pendicular to the Inflecting Surface, And 

5 | B 4 this 
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Fer ſhall, zecording to AL HAZkx, 
e call'd the Plane of. Inſlection, For ſince 
this Plane is, either the leaſt or greateſt, of 
all that can be produced rhrg? the Radiant 
Point, to the infleAing Surface, and conſe- 
quently an oni one, the Propoſition is de- 
monſtrated after the fame manner as the 
former: and indeed if we more cloſely con- 
ſider it, we ſhall find the former to be only 


a particular Caſe of this latter. 
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7 pF 45 br he refute 
9.5 Li Sarface, the 
. Angle of Reflection will be 
equal to the Angle of © Inci- 
ence, | EFlate I. Fig 1] 


2 5 | the — of this 12 
rem belongs more pro to ic | 
and a Mathemariciak — very well take 2M 
it for granted, as ſufficiently prow'd by Ex- 
e yet in Compliance to Cuſtom, I 
all hero give 4 Demonſtration of it, 
and that ſuch an one, as ſhall have no De- 
pendance upon any farty of Philoſophers 
Whatever. Let 


Tue denn of Datoptrics. 
Let A B fignify a Ray. proceeding from 
the Nn on and falling 8 818 
Plane reflectin — ng 6 Cf. B. 1 
its reflected Ray B E will be ſuch, het 
the Angle of Reflection;PBE (B P being 
ſuppoſed perpendicular to GC) w_ be 
equal to the 57 R An 

From the Th C 
perpendicular to — ſtr G C. All the 
Rays comprehended between A B and 
AC, and which p Janet in the relleQing 
Plane, t t Line he commo 
27 ease Je fl with the 
reflecting Plane) wou'd, if the Medium 
G.C 4e- wete paſſable and homogeneous 
with the former EB CD, be diffuſed in 
the ſame canſtant Tenour; char is, at the 
Diſtance B e beyond G C, they wou'd be 
diffuſed into d, 'A By: TAC being 
ſuppoſed Right Lines, And ſince, by: 175 
poſition, the plane reflecting 8 des B 
neither encreaſes nor dminilhes the Dif. 
ſuſion of _thoſs/Rays (far if. it were other- 
wiſe, which no Experiments yet give us 
any rea ſon to ſuſpect; tis plain the Angle 
of Reflection as well as of Refrattion 
wou'd, for the ſame Rea ſons, become un- 


equal to the Angle of Iacidence: For the 
due inflecting of which Rays, CaRTESLlͤs 
bas contiyed ſuch Conoids as are proper, 
Ceom. libr a.) but only ſtrikes them back upon 
a ſame Medium in which they — 
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— The Elements of Catoptrics. 11 
fore; that is, upon a — where the 
Rays are diſperſed or diffuſed after the 
ſame. manner as at firſt ; it is plain, that af- 
ter they are reffected from c Jitkice G C, 
the Rays wil he'd iſpers'd after the ſame | 
manhier,- as they wou'd have been, if they 
had never met wiel the Surfuce CG, but, 
that being removed, had fill Teiftalwd in 
the ſime Medium, In which ele, When 
the Diſtance i5 encteasd by the Exceſs Be, 
the Rays wou'd be diſpers d thro? the 
3 — d. On tis. lain, that at 
Diftance-B'E equal to Be xhey will 
esd thro? the Right Line PE, e- 

— Ok Right Line 4e. Hut the Ray 
Ch reflected upon ir ſelf, wherefore 
D E is equal to d e, and the Figure B C 
D E every way ſimilar and equal to the 
Figure BC de; and indeed is the very 
fame reflected, or revoly'd halfway about 
the fix'd Right Line BC. Therefore 
if from the equal Angles E B C, e B C, the 
right Angles P B 2 AB C be taken a- 
way, the Angles EB P, e Bp will remain 
equal. But A BPis equal to e Bp, there- 
fore the Angle of Incidence PB A, is e- 
Ee to the Angle of Reflection PB E. 


 8cnro. 
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ther. 


12 The Elements of Catoptrics. 

' 2. .SCHOLIUM«. 1 
In laying down this Law of Reſſection, 
whereby the Angles A B P, E BP, are 
made;equal; great Reſpect is had to the 
Maximum and Minimum. For the Sum of 
that is, leſs than the Sum of any others 
drawn. from the ſame Points A and E, to 
any other Point of the Plane & C;: and ſo 
vice verſd. For it is requifite that the 
Courſe which the Ray (reflected from the 
Plane GC) takes from; A to E, ſnou d be 
the ſhorteſt;of all. Becauſe Nature ever 
atts by the moſt eaſy and expeditious Method. 

But if the RefleRion be from a curve 
Surface, the | aforemention'd Sum of 
Rays (or, perhaps their Difference). is 
ſometimes a, Maximum. For Mathemiti- 
cians know how near the Relation is be- 
tween a Maximum and a. Minimum, be- 
tween the Sum and the Difference, and how 
eaſy the Tranſition is from one to the a- 


Coxor. 1. 
Hence the Angles E BG, A BC (which 
are likewiſe by tome call'd the Angles of 


Incidence and Reflection) are alſo equal : 
tor they are the Complements of the for- 


mer to right Angles. 


Conor. 
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In the RefleQted Ray be look'd upon as 
an Incident Ray, the Incident Ray will 
vice aus, be 1 its FRefſefod Ray." 


-Coxor.. *. | 
lk ihe 5 Aa PBE, PB A, or hs 


Angles G BE, CBA be equal, B E will 
be the Reflefied oy belonging, to A B. 
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N H E Focus f Rays falling apom a plane 
peculum being given, to find the Fo- 
cus vs 450 Rays after their Reflection from 


the Surface of the Speculum. [Plate 1, Fig 2.] 


Right Line A: C perpendicular to the 
plane Spetalam CE, which produce to a, 
that C may be equal to C A; à will be 
the Focus required. Let AD be an inci- 
dent Ray, join 4 D, and produce it. 
Becauſe in the Triangles ACD, 42 CD 


AC D, CD alſo equal, becauſe both right, and 
the Angle A D C is equal to 4 D C; but 


From the given Focus A, draw the 


the Sides A C, 4 C, are equal, and the Angles 


the Side C D is common to both, therefore 


« Cs equal to ED F; therefore A D C/ 


14 The Elements of Catoptries. 
E DF are equal. And conſequently DE, 
by Corel. 3. Þrok. I. is che Ray reflected 
from the plane Speculum CF, belonging 
to A D. The fame may be ſhown of any 
other Ray proceeding from the Poiot A, 
and falling upon the Speculum, From 
whence tis plain, that the Rays diverging 
e after their Reflection from the 


lane een CF, wil e dee From the 
dint 47 that is, thoſe Rays, whoſe Ficas 
before Reflection was A, will after their 
RefleQion have 4 for their Fu. . E. D 
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FZince the Bye in any Pofition, as at O, 
will receive the Rays thus reflected, after 
the ſamè manner, as if they really had 
proceetled from the Point a, is it plain the 
Image muſt appear in that Place: Becauſe 
the Rays diverging from the Point 4, af- 
fect the Eye after the ſame manner, as if 
that were the primary Nadiant. 


, = . 8 P #1 8 2 | — * Y 
Coro nix” 
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From this Prop. and! Cool. 2. Prop. . 
it follows, that the Rays E D, OB con- 
verging towards the Focus 4, will after 
their Reflection from the Speculum C F, 
converge towards the Foca: A: and that 
ſuch a Foſition of the Plane C F, may — 

eally 


The Elements of Catdptrics. ds 
eaſily aſſign' d, as ſhall make the Angle 
OBA equal to any given Angle; which 


ais done by taking O B F equal to half the 
Ny Complement: "of the: wo ma to ere | 
A; right ones. A 155 0 £ 
m D (4150 11 N 8 1 Fun! 
ag "Corona 9:12 BED 
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a plane Ala be Ima * 2:6 
110 aps 2 — in that Pg — 
Reflected Ray OB that paſſes tliro the Cen- 
tre of the Eye, meets with the perpendi- 
_ A C, let fall from the radiant Point 

pon. the. Specalum. Whence, tho every 
4 = of the Speculum, except B, ere cover'd 
D, or taken a a Way, the Image will neverthe⸗ 
er leſs be viſible Land if that be cover'd, and 
ad all the reſt open, it will not be ſeen at all; 


% * 
107 
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if The Images of Objects thatare inclined 
to the Plane of the Speculum, are inclin'd 
to the plane of the Speculum after the ſame 
manner as the Objects themſelves; and 
therefore in a plane Horizontal Speculum, 
I. vertical Objects appear inverted. 
n. This and what follows will be N un- 
cr i derftood, if the Object be conceiv'd as 
F, made up of | ſeveral radiant Points; and 
at i the — of every one be attended to: 
bo ¶ For of all theſe together the Image of the 
ly Object conſiſts. Cool. 


16 The Elements of Catoptrics,” 
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A radiant Plane and its Image made hy 
a plane Speculum, are equal and fimilar 
Figures, but not ſimilarly placed. The 

differ as the Right Hand from the Left, 
oras a Figure engraven upon a Copper 
Plate; does from the Impreſſion of it taken 
upon Paper. For they will, fit if they 
come togeth 
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;”. Becauſe the Right Lide 4 Beis equal to 
AB, 40 will be equal to A B and BO 
erer that is the Diſtance df tlie Image 
fon the Bye, is equal to the Incident 
and Reflected Ray taken both together. 


Con 1. 6. 4 
What ſoever has been ſaid of the Image 
of any Object or primary Radiant 
holds true alſo of the Image of another I- 
mage. From vhence ariſes that Multi- 
plication of Images, made by two or more 
plane Specula duly poſited; in which tt 
is ptincipally to be obſet od, that the Di- 
ſtance of any Image from the Eye, is e- 
qual to a Ray propagated from the pri- 
mary Radiant, thro” all the interme- 
diate Reflections to the Eye. 
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A Ray of Liebe i is infected by. a curve 
Surface after the ſame manner, as it wou's 
be by a plane Surface, topch- | 
ing the Curve in the Point of 1 3. 
lneidene r. 1% Sn off : . 
Let PQ be any curve Surface, (for et 
in the Figure, as like wiſe in all Caſes here - 
after, the common Sections af the inflecting 
Surface, and the touchigg Plane, with. the 
Plane of lofleQion,are uſed for che inflecting 
Surface, and the touching Plane themſelves: 
becauſe every Inflection 18 perform'd inthe 
Plane of Inflection, as is demonſtrated in 
Axiom 2. And for the ſame Reaſon in the 
Room of a ſolid Figure, we make uſe of a, 
plane one deſcribed in the Plane of Infle&i= 
on ; which faves us a great many Words) 


upon which the Ray AB falls at B: 


Now fince the Ray is of a Thickneſs 
not conſiderable, the Particle, in the Curve 
Surface B, upon which it falls, will be ex- 
treamly ſmall. But the Inclination or Di- 
rection of the Curve Surface at E, is the 
ſame with the Inclinatiom of the Plane 
DE touching it in that Point: Wherefore 
the Inflection which depends upon the Di- 
rection, is like wiſe rhe ſame, Whether it 
be conceiv'd, as occaſion'd by the Particle 
B in the Curve Surface P BQ, or in the 
wat! S plane 


18 The Elements of Catoptrics. 
plane one DBE. For as to the Inflection 
of the Ray A B, it matters not how the reſt 
of the Surface is bent, if the Inclination of 
the ſmall Particle B, upon which it falls, 
does but remain the ſarhe. 
It wou'd be eaſy to demonſtrate the 
ſame thing, as the Antients did, from 
hence, that the Angle of Contact D BP 
or EB, is leſs than any reQitineal one; 
and that a Plane may be found ſo inclined 
to the Plane D B E, that the Difference 
between the Inflections that are made by 
them both, fhall be leſs than any given In- 
flection. For from hence it will follow, 
that the Inflect ion of the Ray A B, made 
at the Particle B of the Curve Surface, is 
no way different from that which is made 
at the Particle B of the plane Surface 
DB E, touching the Curve Surface in B. 
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O find the Focus of Parallel Rays falling 

2 a given Spherical Speculum, (or 

to find the Image of a vaſtly diſtant radiant 

Point) with reſpett to an Eje placed in the | 

Axis of the Speculum, which is parallel 30 
the incident Ras. 


The 
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Th 4 A:xhe Centre of the Specalum, 
Jeans the right Line A B parallel to the 
incident Rays, meeting the Speculum in B. 
Biſect A B in C. 1 Cis the Focus re⸗ 
NN 

In this, 25 well a as in all the following 
Propoſitions, we ſuppoſe; the Point D to 
be extreamly near — Point B. And thi 
is neceſſary, in order that the reflecte 
Ray belonging to the incident one E D. 

meet with the Eye, which, by Sup: 
— is placed in A B, or the {ame 
produced : For the reflected Rays belong: 
ing to thoſe that fall more — from 
the Point B do; after their diverging from 
their Focus, paſs beyond the Pupil of wie 
Eye; and conſequently contribute notli 
N ſeeing che Image. Beſides, 
ys that enter the Pupit of this 
be they 5 fall moſt recti), or near: 
the Middle of the Pupil; that is, tliat 


r 


ww. 
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neareſt to the Point B, conduce more to- 
wards. ſeeing t the Image, than choſe that en- 
ter the Eye near the Extremes of the Pupil: 
Becauſe thoſe that fall moſt directly, and 
cloſe to one another, move the Seriſe 
more forcibly, thai thoſe that fall mote 


ſons, we need have reſpe&X only to rho 
that fall neareſt to ihe. Vertex Bi wich 
holds good in all . followia y; 


are reflected from thoſe Points that ate 


oblique and; ſcatterd. For which, Rea, 


* 
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20 TheElements of Catoptrics 


Let ED be one of the pa- 

- Fig. 4. rallel incident Rays. Draw 
A 5's AD, CD, and produce them. 
Becauſe the Point D almoſt coincides with 
B, CD will be nearly equal to C B: But 
by Conſtruction, C A is equal to C B; 
therefore C A, CD are equal; and there- 
fore the Angle C A D, CDA are like- 
wiſe equal. But the Angle CAD equal 
to EDA, which is the Angle of In- 
Wh Cidence; for the right Line A D is per- 
| pendicular to the Surface of the Sphere. 
Whence the Angle CD A is equal to 
the Angle of Incidence of the Ray ED. 
Therefore, by Corol. 3. Theor: I. D C is 
the reflected Ray belonging to the inci- 
dent one ED. Moreover, the Angles 
at the Vertex, EDA; e DO, and C DA, 
N D O being equal, the reflected Ray N PD, 
belonging to the Ray e D parallel to BA, 
and falling upon the convex Surface, will, 
if produced backward, go to C. And 
what is demonſtrated of any one Ray 
E D taken at pleaſure, is true of all the 
reſt in the ſame Circumſtances,” Where- 
fore fach Rays as are parallel to A B, and 
which when reflected conduce to Viſion, it 
they tall upon a Concave Sphere, are, af- 
ter Reflection, collected in C: and from 
thence again diverging, make the Image 
to be ſeen in that Place, by an Eye placed 
in the dx, © The reflected Ray belonging 
— to 
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The Elements of Catoptrics. 21 
to the very Axis it ſelf does alſo, as it 


were, diverge from the Point C, in the 
Middle between B and A: for the ſame 
u. thing happens to it, as to any other Ray 


h reflected from B D, that cuts the right 
t Line AB in a Point equally diſtant from 
; the Centre A, and the Point of Incidence. 
But Rays that fall upon the Convex Side 
do, after Reflection, diverge from C, and 
al make the Image appear in the Point C, 
l- WF (or which is all one, in a Point whoſe. 
D iſtance from C is leſs than any given one) 
e. to an Eye placed in A B produced. Q. E. D. 


D. 7 ein 
cl Hence, and from Corol. 2, Theor, I. it 


es follows, that Rays diverging from C, and 
A, reflected from the Concave Surface, or 
D, WW converging towards C, and reflected from 
1, the Convex Surface, will be parallel to 
I, che right Line A B, joining the Centre af 
1d WI the Sphere, and the Point CO. 


nd If with the Vertex B, the Axis B G, and 
it a Parameter equal to the right Line FB, 
f- a Parabola be deſcribed, it Will be the 44% 
m of all that can be circumſcribed about the 
go iven Circle FB; or the Circle FB will 
ed de the greateſt of all that can be inſcribed 


gree of Curvity, (to uſe KxpLER's 


w: So this more intimate Union, and 


generatingfarabola ; ſo the ſame Rays re. 
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within that Parabola, by Coral. 1. Prop. 
XX. lib. 1. Vincentii Viviani de Maximi 
— ere f And w_ S 4 dae Le. 
1 Will, at the Point B, have the [ame De. 
7 *s Words 
in Cap. VIII. Prop. XX. Paralipom. in Vi- 
tellionem) and are there maſt intimately 
united. For as the Contact of Lines is e. 
quivalent to two Interſections, and is re- 
ally no way different from two Interſecti- 
ons infinitely near one another, as Mathe- 
maticians know very well, and for the 
fame Reaſon Surfaces that mutually touch 
one another, have the ſame Power in 
inflecting Rays that fall upon the Place of 
Contact, and in producing other Phyſical 
Effects, as is ſnewn in the foregaing Lem- 


4 


which is equivalent to four Interſections, 
and conſequently the moſt intimate that 


can be between the Circle and conick 


Section, (as the Contact between this laſt 
and a right Line is of all the moſt inti- 
mate) this, I fay, will, in Phyſical Effects, 
that depend upon. Surfaces generated by 
the Revolutions of theſs Lines, produce 


a farther Equipollency, For as Rays that 


are parallel to G B, are by the concave 
Parabolick Conoid B D, reflected exactly to 
its Focus C, which is diſtapt from the Vertex 
B, by a fourth part of the Parameter of the 

flected 
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: flected from the concave Sphere, are cal- 
need very nearly in the ſame Point: and 
J the ſame Speculation holds in ſeveral other 
4 Phyſical Matters. 
I 
0 Pros. IV. PRO B. III. ö 


HE Focus of Diverging Rays bging 
giuen, whoſe Diſtance from 4 given 
concave Spherical Speculum, is greater than 
the fourth 247 its Diameter; To find the 
Focus of thoſe ſame Rays after their Reflecti. 
on from the foremention'd Spegulum, with 
reſpec# to an Eye placed in its Axis. Fig, 6; 


Thro? A the Centre of the Sphere, and 
the given, Focus E, draw a right Line, 
meeting the Spherical Surface in the Ver- 
tex B; tl iS I call the Axis of Radiation; and 
ſuppoſe the Eye to be placed in it ſome 
where or other. In this right Line take the 
Point C ſuch, that B C may be to CA, as 
BE is to EA. I fay Cis the Focus required. 

Let any Ray proceeding from E, fall 
upon the Concave Surface of the Sphere at 
the Point D, near enough the Vertex B, 


* 


all more remote, becauſe after Reflection 
they affect not the Eye placed in E B, as 
has before been ſhown) in which Caſe 
E D will be nearly IT to E B, and may 

4 in 


on we have nothing to do with thoſe that 


_ a. 
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in Phyſical Matters be taken for it. Draw 
AD, C D. After the ſame manner CD 
is equal to CB; from whence by Can- 
ſtruction C D will be to CA, as DE to 
E A. And inverting the Proportion, 
CD is to DA DE, as CA to E A; 
Wherefore by Eucl. Elem. VI. 3. the 
Angles ADE, ADC are equal; but 
ADE is the Angle of Incidence of the 
Ray E D, and conſequently D C (by Co- 
rol. 3. Thor. I.) is the Ray ED reflected 
from theconcave Speculum. And ſince the 
Ray E is taken at Pleaſure, it is plain the 
Focus of all the Rays diverging from E, after 
Reflection, will be in C, with reſpect to an 
Rye placed in the Axis E B. Q. E. D. 


CORo. 


' Hence likewiſe will be given the Focus C, 
f Rays e D converging, in the forementi- 
on'd Circumſtances, towards the given 
prac E, and reflected from a given conves 
Spherical Specaluums. 
SCHOLIUM Eg. 7. 
Rays diverging from E, are reflected 
from the Concave Sphere B D converging to 
C, for this reafon ; becauſe the Circle B D 
deſcribed on the Centre A (by whoſe 
Rotation the Sphere is generated) has the 
ons Degree of Curvity with an, Ellipſis, 
le{cribed upon any Foci C and E (found 
2 8 e * 6 a as 


"£ 
”- 


( 
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as in the foregoing Prop.) thro? B, and ge- 
nerating an oblong Spheroid, by which, 
as is commonly known, Rays diverging 
from one of the Foci, are from the con- 
cave Surface reflected, converging towards 
tua of , £20575 212 e 

Draw the leſſer Semiaxis H K, join the 
right Lines C K, E K, each of which 
are equal to the Semi- axis B H. From 
the Centre H upon C E let fall the Per- 
pendicular HIL. e 
It is plain L K is half tlie Latus Rectum 
8 to the Axis B G, becauſe it is a 
Third proportional to the right Lines C K 
and H K. (Which is alſo true, if from H 
the Point of Inter ſect ion of the greater Ax, 
with the right Line K H biſecting the 
Angle comprehended by the right Lines 
drawn from the Foci to any Point of the 
Curve, a right Line be let fall perpendicu- 
lar upon either of the foreſaid right Lines.) 
And conſequently CL is half the difference 
between the greater Axis and its Latus 
Rectum; and is alſo a Third proportional 
to the right Lines, K C, C H, that is, 
to the greater Semi. axis, and half the di- 
ſtance of the Foci. Again, (by the Con- 
ſtrud ion in the preceding Prop.) B C is to 
CA, as BE ta EA; from whence by 
changing and inverting the Proportion, B 
E will be to BC (EG) as A E to A C. 
Therefore BE EG. BE—BC: : 5 
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E+AC. AE - AC, that is, B G is ta 
CE, as CE to AE AC. And taking 
the halves of them, B H is to H C, as H 
C ta HA; That is, H A is a Third pro- 
N to the greater Semi- au, and 

alf the Diſtance of the, Fi; whence it 
is equal to half the difference between the 
reater Axir and its Latas Rectum. Where: 
re A B is half the latus Rectum. And 
conſequently the Circle B; D is (by Corol. 1. 
Prop. XX. lib. 1. Vinc. Viviani) the greatelt 
of all that can touch the Ellipſis B G on the 
inſide at 3B. Wherefore ſas is ſhown in the 
Sclolium of the preceding Prop.) it will in B 
have the ſame Curvity with the foremen- 
tion'd Ellipſis. From whence it comes to paſs, 
that 2 Sphere thence generated, performs 
the ſame Thing in reflecting very nearly, 
which a Spheroid generated by the Ellipſis 


ERERIIIIAIEDIAGASE 


PRO r. V. Pros IV. 
2 E Focus of diverging Rays being 


given, whoſe Diſt ance from a given 
Conceve Speculum, is leſs than the Fourth 
Part of the Diameter of the Speculum ; To 
find their Focus after Reflection from the fore. 
mentioned Speculum, with reſpect to an Eye 
placed in the Axis. Fig. 8. Ie 


* A Ao __ac_ 
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Thro? A, the Centre af the Sphere, and 
the given Focus E, draw a right Line, 
meeting the Spherical Surface in B. In 
this take the Point C ſuch, that BC 
may be to C A, a5BE EA. IfayCis 
the Focus required. | | 
Let ED be any one of the incident Rays, 
draw A D, C D, and produce them; draw 
likewiſe rhe right Line, E R, parallel to 
the right Line SD. B 
f Since the Arch B D is r ſmall, | 
E D., E B, a D, CRB. will be equal. | 
Wh D 7 to K A, 2 CY th C 
A; that is, (becauſe D E Rare par al- 
lel) as E . $f ; therefore the right 
yo ER, E D, and conſequently che 
Angles, ER 5. E DR are equal. But 
EDR is the Angle of Incidence of the 
Ray E D, andER is equal to its alternate 
ND A, wherefore (by Corel. 3. Theor, 1.) 
DN is the refleged Ray belonging to 
the incident one E D. And ſince ED is ta- 
ken at pleaſure, it is plain that all the Rays 
proceeding from E, after a reflected 
from the Concave Spherical Surface, will, 
if they be produced backwards, meet in C, 
or will have their Focus in C. Q. E. D. 


Caron. 
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CoroLl., 


Hence, and from Corel. 2. Theor. 1. 
may be found the Focus E, of the Rays N 
D, converging towards a given Focus C, 
and reflected from a given Concave ſphe 
rical Zar face TR | 


\ 
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. VI. Pros. V. 


M1 E Focus Diverging Rays beim 
given; To find their Focus after Re- 
ettion from a given Convex ſpherical 8 pecu- 
um, with 1 elt to an Eye placed in the 


Axis. Fig. 9. 


Thro' A, the Center of the Sphere, and 
the given "Focus E, draw a right Line 
meeting the ſpherical Surface in B: In this 
take the Point C in ſuch manner, that AC 
may be to CB, as A E to E B. I ſay C 
is the Focus required, | 

Let E D be any incident Ray proceed- 
ing from E, draw C D and produce it. To 
this thro? E draw ER parallel, meeting 
the right Line A D, produced in R. The 
Arch BD being evaneſcent, for the Rea- 


ſons already given, CD will be 5 to 
b, 
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CB, and E D to EB; and therefore A C 


is to C D, as A E to E D, but becauſe 


of the equi-angular Triangles A C D, 
AER, A C is to CD, as AE to ER. 
Therefore A E is to E D, as A E to E R. 
Wherefore ER is equal to E D. There- 
fore the Angle ER D, or its equal N D R, 


is equal to the Angle E D R, that is, to the 


Angle of Incidence of the Ray R D. From 
whence it follows, that D N is the reflect- 


ed Ray of the incident ED. And ſince 
E D is taken any how, it is plain all the 


Rays diverging from the Focus E, and 
entring the Eye, whoſe Poſition is given, 


will, after their Reflection from the con- 


vex ſpherical Surface B D, diverge from 
the Focus C. Q. E. D. 4 


Co ROL. 


Hence may be found the Focus E, towards 
which the Rays N D (before Reflection 
towards a given Focus C, whoſe Diſtance 
from the Speculum is leſs than the Fourth 
Part of its Diameter, ) do, after their Re- 
flection from a given convex Speculum, 
converge. | 


SCHOLIUM Eg. 10. 
It had been eaſie to have explain'd and 


demonſtrated theſe Two laſt Propoſitions 
and 
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and their Cotrollaries, in the ſame Words, and 
with differetit Figures, but this wou'd have 
bred: Confuſion to Beginners. However, 
one Scholium will ſerve for both, to ſhow 
that the Circle BD has the ſame degree of 
Carvity, with the Hyperbola deſcribed up. 
on the va C and E, 'thiro? the Point B, 
by the Rotation of which Curve round its 
Axis, is 1 the Surface of an Hy. 
perbolick Coneid, pet forming exactly rhe 
pre Reflettion; bo 

-Driw the fecond Dlanieter K M. To 
the joined rigit Line B K, erect K L. per- 
pendicular, meeting the A G B in L. 
and HL will be a Third proportional to the 
right Lines, B H and H K, and conſe- 
quently equal to half the Iatus Rectum be- 
longing to the Axis B G. And ſince, from 
the Nature of the Foci, the Rectangle G C 
B is equal to the ſquare of the tight Line 
KH; adding to both rhe Kuare of H H; 
the ſquares of the right Lines B Kand H C 
will be equal: Wherefore B K, HC are 
equal. And becauſe of the Re&ungtilar 
Triangle BK L; B L, or ths Sum of half 
the Tranſverſe Axis, and half the lata Re- 
tam, is a third proportional to rhe right 
Lines HB, BK; or to the right Lines 
HB, HC: That is, t6 half the Tranſ- 
verſe Axis, and half the Diſtance of the 
Foci. Again (by the Conftruftion iti the 
Two preteeding Prop.) B C is to C A; as B E 
£9 


# 
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to EA. Wherefore BE is to E G, as AE 
to AC. Therefore BE — EG. BE＋ 
EG:: AE AC. AE ＋ AC, that 
is, B G is to C E, as C E to AE+AC. 
And taking the halves of them, B H is to 
C H, as C H is to H A: That is, H A ba 
third proportiomal to half the Tranverſe 
Axis, and half the diſtance of the Foci; 
Therefore H A is equal to BL, or to the 
ſum of half the Tranverſe Axis, and half the 
lauuus Rectum. Wherefore A B is half the 
luuus Rectum, and conſequently the Circle 
B D is (by Cbrol. 1. Prop. 20. lib. 1. Vinc. Vi. 
viani) the greateſt of all that can touch tlie 
Hyperbola B G on the inſide at B. There- 
fore, as has been ſhown already, it is equal- 
ly curve in B with the Hyperbola. And 
hence it is, that the Surface of the Sphere, 
generated by the Circle, performs very 
nearly the ſame Thing in reflecting, which 
the Surface of the Hypefbolick Conoid 
does exactly: That is, it changes the Fo- 
cus of the Rays E, into C; or the Focus 
— is as has been ſhown in Prop. V. 
4 4 Fo [ 1 — | 
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HE Focus of Rays falling upon « 
"| giver ſpherical Speculum being given; 
To find the Focus of the ſame Rays after Re. 
flection, with reſpect to an Exe (even any where 
out of the Axis) given in Paſitioan. 


Hitherto we have ſuppoſed the Eye pla- 
od in the Axis of Radiation, that is, in a 
right . Line 'drawn through the radiant 
Point, and the Center of the refleQing 
Sphere, both hecauſe moſt optical Inſtru- 
ments are made after this manner, and 
becauſe the Image ſeen by the Eye ſo pla- 
ced, is much more lively and diſtinct than 
any other, becauſe it is form'd by Rays 
leaſt ſcatter?d, and moſt exactly reflected, 
and upon this Account challenges to it ſelf 
alone the Title of an Image. _ i 
But that it may appear that the Method 
before uſed in conſtructing Phyſical Pros 
blems, and demonſtrating them when con- 
ſtructed, is more univerſal, and ſufficient 
to determine the Image, ſeen by the Eye, 
however placed: Let the reflecting Sphere 
be ſignified by its greateſt Circle B D, 
whoſe Plane paſſes thro? the radiant Point 
E, and O the Center of the Eye. It is re- 
quired to find the Image of the Point 1 

| Madge 
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made by the reflected Rays, with reſpect 
to an Eye placed at O. 

It is plain in the firſt Place, that the 
Image will be found ſomewhere in the 
reflected Ray paſſing thro* O. To find 
that Ray, this Problem muſt be ſolved, 
by which having two Points E and O, and 
(in the fame Plane) the reflecting Circle 
given; it is required to find ſuch a Point 
in the Circumference of the Circle, that a 
Ray falling upon it from either of the gi- 
ven Points ſhall be reflected to the other 
of them. And this is Prop. XXXIX. Lib. 
V. 2 Alhazeni, to which he has pre- 
miſed 7 or 8 Lemmata, and is now common- 
ly called Alhazer's Problem. The Problem is 
in its Nature ſolid, and not to be conſtruct- 
ed univerſally without the Interſection of a 
Conick Section with the given Circle. 
The Conſtruction of this Problem has 
been publiſh'd by ſeveral eminent Geome- 
ters, Barrow, Sluſius, &c, but moſt ele- 
gantly by the moſt noble C. Huygens in the 
Philoſophical Tranſactions, No. 98. We pro- 
ceed therefore to determine exactly the 
Point it ſelf C, here the Image is ſeen in the 
right Line O B, ( drawn as thoſe famous 
Men have directed). BD! 
Produce EB, OB, till they again meet 
the Circle in P and R. Biſect the right 
Lines BR, BP in Sand A, and divide 
SBin C ſo, that SC may be to CB, " 

| D A 
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AE to EB. I fay the Image by the Eye 
in O will be ſeen in C; and not in the 
meeting of the reflected Ray D. N, With 
the right. Line EQ joining the, Radiant 
Point and the Center of the Sphere, as 
Exclid' in Theor. 17. and 18. Catgptrice, 
and others wou'd have lt. IId 
Let the Ray E D fall upon the, Point 
D, very near the Point B: For only thoſe 
Rays, that fall after this manner do, after 
their. Reflection, enter the. Pupil of the 
Eye placed at 0. [ FT hoſe. that tall at a, 
greater Diſtance, aſter , Reflection, .. paſs 
beſide the Eye, and conduce nothing at 
all to Viſion. Wherefore in invęſtigating 
the Point C, Where the Image is form'd, 
D muſt be ſuppoſed to coincide with B: 
In which Cate ED=E B, CDR C, 
ADS AB, and SP=SB, Moreover, 
becaufe O B is the reflected Ray of E B, 
the Angles AB Q, S BQ will be equal; 
and the Point D approaching near to B, 
and at laſt coinciding with it, the Angles 
A DQ, SDQcoinciding with the former 
AB Q and 8B Q. (at leaſt being very 
little different from them) will in that 
Caſe be likewiſe equal. But farther, the 
Point D approaching to B, the ultimate 
Angles, or the {mall and evaneſcent ones, 
DAB, DQB, DSB will alſo be equal: 
For the Circle drawn thro? Q and the co- 
inciding Points D and B; that bb, Oper. 
ch N C 
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bed on the Diameter BQ, and conſequent- 
ly touching the Circle B PQ R on the in- 
ſide, paſſes throꝰ the middle Points of the 
right Lines BP, B R, howſoever drawn 
from the Point B: And conſequently the 
Angles DAB, DQB, DS B, in this 
Cafe, are in the ſame Segmieat of the Cir- 
cle paffing thro' the Points Dy B, 8, Qand 
A. Theſe Things being laid down, which 
follow from che Coincidence of the Point 
D with B; ſince, by Conſtruction, A R & 
to E B, as SC to CB, AE will be to D 
E, as 8 Cto CD. And ſince in Trian- 
gles, the Sides are as the Sines of the An- 
gles fubteaded by them; the Sine of the 
Angle ADE, or MDA, will be to the 
Sine of the Angle D AB, as the Sine of 
the Angle CDS is to the Sine of the An- 
gle DS B: Becauſe therefore the Conſe- 
quents are equal, the Antecedents will 
likewiſe be equal, and conſequeatly the 
Angles to which they relate, namely AD 
M and C DS are equal. But it has been 
ſhown before, that the Angles A D Q, 
SDQ are equal: Therefore the Angles 
QDM, QDC, and thoſe oppoſed to them 
at the vertex LDE, LDN are equal. 
Wherefore N D is the reflected Ray of the 


Incident one E D. And the ſame may be 
ſhewn of the other Rays, that meet with 
the Eye at O; namely, that their reflect- 
ed Rays will diverge from the 9 C. 
Where- 


D 2 
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Wherefore to the Eye receiving theſe Rays 
only, the Image of the radiant Point E, made 
by Reflection, will appear at C. Q. E. D. 


* 4 COR O L. To \/ 


- Hence it follows, that Rays, converging 
towards the Point C, will after their Re- 
flection from a convex Spherical Specalumm, 
converge towards E, and there form the 
Image, for an Eye placed in the right 
Line BE, any. where beyond E, As like- 
wiſe that the Image of the Radiant Point 
C, made by Reflection from a con- 
cave Spherical Speculum, will, to an Eye 
placed in the right Line E B produc'd, as 
at A, appear in E. | 


| Co cor. 24% 


; But if the Radiant Point E be vaſtly di- 
ftant, then the Ratio of the right Line AE ll | 
| to EB becomes a Ratio of Equality, and 
ö by Conſtruction SC is equal to CB: NI 
n That is, the Image of the vattly diſtant Ra- 
diant Point ſituated in A B produced, made | | 
by a convex or concave Speculum, with re- It 
ſpect to an Eye placed any where in BR, f 
or the ſame produced, will be in the mid- t 
dle Point of the right Line B 8. t 
The Eye being placed in the Axis of Ra- ; 
diation, that is, the right Lines B A and 2 
2 | BS 
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BS coinciding with the right Line BQ, 
this ſame Conſtruction ſerves, and dege- 
nerates into the Conſtructions of the four 
preceding Propoſitions. : 

But the ſpherical Surface being changed 
into a plane one, then this Conſtruction 
will be changed into that of Prob. I. For 
becauſe the right Lines AE, SC are in 
that Caſe infinite, but their difference re- 
mains ſtill finite, the Ratio of them will be 
a Ratio of Equality: Therefore EB and 
B C, which are proportional to them, are 
equal. From wheace it is plain, that this 
one Conſtruction of this Probl. VI. con- 
tains all the former ones, as being more ſim- 
ple, which is frequent in Geometry. 


SCHOLIUM. 


The fore-mention'd Properties do there- 
fore belong to the Circle B D R, becauſe 
it has the ſame Curvity, at the Point B, 
with a conick Section deſcribed thro? B 
upon the Foci C and E, which, as is 
known, reflects the Rays diverging exact- 
ly from C. The Equality of Curvity in 
the foreſaid Caſe, is from thence mani- 
feſt: That the Segment of the Diameter of 
the Section (produced if need be) cut by 
the equicurve Circle, is equal to the La- 
tus Rectum of that Diameter: And vice 
verſa, 
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EHIKIIKISLILISIRIIRKAERDL 
Por. VIII. Tu RO R. II. 

T* E Image of 4 radiant Plane Sarface, 


| . m4 by 4 Spherical Speculum, #5 al- 
- fo 4 Plane Surface. Fig. 12,13. 


Hitherto we have determin'd the Image 


of any tadiant Point with reſpe& to an 
Eye, placed, either in the ſame Axis of 
the Spec with the radiant Point, or 
out of it. From whence it is eaſy to de- 
termine the Images of radiant Bodies, be- 
cauſe made up of radiant Points, But to 
the more eaſy Determination of it, as like. 
wiſe to many other Things belonging to 
Practice, the Theorem before us will not a 
little conduce: In which we make uſe of 
that Image of any Point, Which is ſeen by 
an Eye placed in the ſame Axis with the 
radiant Point. For we ſpeak not here of 
thoſe Images, that are ſeen by the Eye in 
any other Poſition (which yet may be de- 
termined by the help of the preceding 
Prop.) becauſe they are only fecondary 
and leſs conſiderable: Eſpecially fince ſuch 
2 of a right Line has been alrea- 
dy ſyfficiently conſider'd by the farion: 
Barrow, in Lect Opt. XVI. and XVII. 
Let any Spherical Speculum be ſignified 
by its greateſt Circle BD, whoſe Center 


; | is 
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is A; and the radiant Plane by the right 
Line FE. From A upon F E, ſuppoſe 
AE drawn Perpendicular, meeting the 
Sperulum in wy Vertex' = Find, by ſome 
one of 'the precedin _ oplicable to 
the Caſe, 'the'Focas'C of t oe Ray s aftet 
Reet, Whoſe Focus before \ncidefice 
was E; thro? —_ draw. the Plane C T 
parallel to FE! I 17 "'that the Image of 
the Plane F E 5 the Speraliem, wil 


be laced in, che Plane . 


rom any Point F of the erer Plane, 
to A the Center of the Speculum, 50 
the Ray E A produced, tceti Spe. 
culum in D, 4 the Plahe CT in T. 
The refleed Ray af the Incident one E 
D, is, by Conſtruction, CD; hut let BH 
be ſuppoſed” the reflected Ray of EB, 
meeting the Ray F D in H. 
Becauſe the Angle: FAE i i, by Sup. 
poſition, ſmall, the Arch DB vil be al- 
fo ſmall, and almoſt degenerate into a 


ſmall right Line, And the Circumference 


of a Circle deſcribed: on the Diameter B 


F, wiltpaſs thro? the Points D and E; be- 


cauſe of the right Angles FEB, F DB: 
Whence the Angles B F D, B E b, in the 
ſame Segment, are equal. And ſince the 
Angles oppoſed at the vertex A are equal, 
or the ſame, EB A, EDA will be like- 
wiſe equal : Therefore the Angles & BH, 


= D C, that are by Prop. I. equal to theſe, 


4 are 
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are likewiſe equal. Whence the Trian- 
gles ABH, ADC are equiangular, and 
conſequently ſimilar. Wherefore AB is 
to A H, as AD to AC; and ſince A B 
is equal to AD, AH will be equal to A 
C. But becauſe of the ſmalneſs of the 
Angle CAT, AT is reckon'd equal to 
AC, therefore AH js to .be reckon'd 
equal to AT. But H is the Image of the 
Point F in the radiant Plane; w its 
Poſition is in the Plane C T. The fame 


may after the like manner be ſhewn of 


any other Point in the Plane FE: From 
whence the Propoſition is manifeſt. 

But if the Object expoſed to the Specu- 
lam be vaſtly diſtant, the Images of each of 
the radiant Points will, by Prop. III. be 
in the middle Points of the Semidiameters 
of the Speculam tending towards them: 
That is, the Image of a diſtant Object, 
will form a Spherical Surface, concentri- 
cal with the Specul/am, But becauſe the 
radiant Body, by Suppoſition, is ſeen un- 
der a very ſmall Angle, ſo ſmall a Por- 
tion of the Spherical Surface as is poſleſs'd 


by its Image, ſcarce differs from the Plane 


Surface to which AB is Perpendicular. 
Wherefore the Propoſition holds in all Ca- 
ſes; For the Demonſtration takes Place in 
any other Caſe, as well as in thoſe two 
exprefs'd in the Figures. [cri 
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Coro. 


If the Angle E AF be too great, the 
right Line A H will be ſenſibly leſs than 
A T; whence the Image of an Ob- 
ject ſeen under too large an Angle, 
from the Center of the Speculum, made 
by a concave Speculum, will be ſen- 
ſibly concave : and that which is made by 
2 convex Speculum will appear convex. 


SCHOLIUM. 


Concerning the Images of radiant 
Surfaces, made by Spherical Surfaces, it 
will not be improper to take notice 
of ſome few things. 1. If the Object 
expos'd to the concave Speculum be diſtant 
from it more than by its Semidiameter, 
the Image of it C T, will be diftant from 
the Speculum, more than by a fourth part 
of its Diameter, but leſs than by its Semi- 
diameter; that is, it will appear hanging 
in the Air between the Object and Specu- 
lum, and likewiſe inverted; that is, the 
upper Parts will appear undermoſt, and 
the right on the left. If the Object recedes 
from the Speculum, the Image will ap- 
proach to the Speculum; but if the Object 
approaches to the Speculum, the Image 
will recede from it, till meeting at laſt 
with the Object, it will coincide with it — 

; the 
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the Center. After the ſame manner the 
Image of the Radiant C T, will be 
F E, whoſe Properties are evident by what 
has been juſt now ſaid; But if the Di- 
ſtance BE be ſo far enereas'd, that the 
Object be vaſtly diſtant, the Diſtance of the 
Image C from the Speculum, will be e- 
qual to a fourth part of its Diameter. But 
ifthe Sun be the radiant Body; in the room 
of its Image will be excited a Burning 
(if the Speculum he conſiderably larger than 
the Image of the Sun) becauſe of the Sun's 
Rays being cloſer compacted in that Place. 
But if a Lucid Body be placed in the Mid- 
dle, betwixt the Vertex and Center of the 
Speculum, its Image made by the Specu. 
lum at a vaſt Diſtance, will enlighten Ob- 
jects vaſtly diſtant. 5 6; 

2. If CB the Diſtance of the Radiant 
C T, from the concave Specalam B, be 
leſs than a fourth part of its Diameter, its 
Image will be E F (by Prop. IV. and VIII.) 
plac d beyond the Speculum, and erect as 
in a plane Specalum, and which approach- 
es to the Speculum; as the Object approach- 
es to it, and ſo on the contrary. After the 
ſame manner the Image of the Radiant 
FE, made by a Convex Speculam, 
wil-be CT, whoſe Properties, from what 
has been ſaid, are eaſily detected: For as 
the Radiant approaches to the Specalum, 
the Image dikewiſe approaches * 

1 when 
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when that recedes to a Diſtance even infi- 
nite, the Image will ſtop at the middle 
Point, between the Speculum and its Cen- 
„ 0-18-55 aun | 
3. Suppoſe the Rays of each Point of the 
Radiant were fo infleQed, as to be a- 
bout forming the Image CI; but are 
hinder'd from it by the Intervention of the 
convex: Speculum B D. From What has 
been ſaid above it is plain, that theſe Rays 
after Reflection from the Speculum, will 
make the Image F E, whole; Properties, 
Situation, and Figure, with reſpect to the 
Object CT (if it may be call'd an Object) 
are eaſily found by the foregoing Rules. 
In the Preceding, and all other Caſes, the 
Ratio of the Image to the Object is given, 
becauſe they appear under the ſame, or e- 
qual Angles from the Center of the Specu- 
lum. But this will be more plain by the 
following Theorem. PERS = 
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HE Radiant and its Image made 
1 +» the Speculum, are ſeem from the 
Vertex of the Speculum ander equal Angles. 
From A the Centre of the Speculum, up- 
on the Radiant H P, let fall the Per- 
91 pen- 


4 
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pendicular AE (which, by Prop. VIII. 
will be likewiſe perpendicular to the Image 
fh) meeting the Speculum in the Vertex 8. 
Join the right Lines B E, BH, Bf, Bh, 
Tfay the Angles H B E, h BY, are equal, 
_ 1 - this will paſs thro? the Center A, 
uſe by Suppoſition the Image of any 
Point is plac'd in the Axis of Radiation 
After the ſame manner the Points H A, and 
hare plac'd in the ſame right Line. From 
the Nature of the age, BE is toE A, 
as BC to C A: therefore BE is to BC, 
as EA to CA. But becauſe of the equi- 
angular Triangles AE E, A C; E A is to 
C A, as E F to Cf. Wherefore B E is to 
EF, as B C to Cf. And ſince the An- 
les BE F, B Cf are right, the Angles 
BF, CB will be equal. After the 
ſame manner EBH, CBh are equal: 
Whence HB F, B are equal. 
2. E. N en 


Con ot. 


The radianr Line F E H, and its Image 
F C h, are to one another as their Diſtan- ÞN* 
ces from the Vertex, BE, BC. And if. 
the Radiant be a Surface, it will be to its II 
Image, in a duplicate Proportion of thoſe Ip 
ſame Diſtances. From whence, if the Ne 
Dittance of the Radiant, and its Image It 
from the Gpeculum be given, the Propot- Fit 

. rion 


The Elements of Catoptrics. 45 


tion of the Image to the Radiant is alſo 
given. In like manner, if the Image of 
the Radiant C made by ſeveral Specala be 
given, we ſhall have the Proportion of the 
primary Radiant to the laſt Image. It follows 
farther, that the Line E H, and its Image 
fh, vill be cut in the ſame Proportion by 
che right Line B E, joining the Vertex and 
1 Center: or that FE is to E H, as f C 
1 to Ch. Hh F. 
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8 O find ſuch a Poſition of the radiant 
e Body, that its Image made by the Spe- 
: culum may be equal to any given Figure ſimi- 
. Mar to the Radiant: Or, which comes to the 
ane thing, that the Radiant and its Image 
made by the. Speculum, may be in s given 
Ratio. 9225 Fig. 16. 
Fl 


e Let the Speculum B D be given, whoſe 
- emidiameter is B A, and let the given Ra- 
tio be BA to A M. If the Radiant be a 
Line, biſect B M in E; and by ſome of the 
preceding Propoſitions, find the Focus C, 
correſponding to the Focus E. I ſay C is 
the Place of the radiant Line. Becauſe 
from the Relation of the Points C and E, 

B C 
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NC is to C A, s B E to E A; BC will: 


be to BC CA, as B R O BEA EA: 


that is, becauſe B E is equal to E M, BC 
will be to B A, as B E to A. M: and in- 

verting the Proportion, B C is to B E, as 
BA to A M. But (by Coral. Prop ) BC 


is to B E, as the — Lias paved in C, 


to which B C is perpendicular; is to its 1 


mage in E: therefore the radiant Line in 


C is to its Image made by the given Spe. 
culum B Dat E, as B A to AM; chat! 15, 
in the given Ratio. Q. E. D. | 

But if the Radiant be a Surface, in | the 
room of A M in the preceding Conſtructi- 


on, you muſt take a right Line, to which 
BA isina Ratio ſubduplicate of chat, high | 
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ed, we proceed to ro ia 
by the Aſſiſtance of w ch we 
are {till furniſk/d with more 
Inſtruments, NT 5 are 


7285 
fitter for Uſe, and admitted 


to a nearer View of the Secrets of Nature. 
For Glafs is eaſier brought to à dude Figure 
than Metal, and preſerves it —— Nor 
does a Tow ſuffer ſo much n;its Po- 
liſh from any Injuries ofthe Air, 1925 + Specu- 
lum does. And it is difficult to malt a Spe- 
culum, that ſhall reflect ſuch ſtrong and 
cloſe Rays as a Glaſs Lens tranſmis. © * 
But beſides theſe Phyſical Difficulties, 
the Cauſes of which are — to be ſought 
K from Dioptrics, a Lens is preferable in 
Practice 
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Practice to a Specalam for the following 
Reaſon: becauſe a Fault in a Specu/am pro- 
duces an Error in the reflected Ray ſix 
times greater than an equal Fault in 2 
Lens, when the Ray paſſes out of Air into 
Glaſs; and four times greater when the 
Ray paſſes out of Glaſs into Air. For by 
Theor. I. the Error of \ Incidence produces 
an Error twice as great in the reflected 
| Ray, but near thrice leſs in a refracted 
| Ray out of Air into Glaſs ; and twice leſs 
in a refracted Ray out of Glaſs into Air, as 
will appear at Schol. 2. Prop. XI. [4 
In Dioptrics, as before in Catoptrics, 
we ſuppoſe the Eye placed in the Axis of 
Radiation: becauſe this Poſition, where 
only Lenſes are uſed, is eaſieſt obtain'd; 
but where Specula and Lenſes are mixed 
together, that Axis (by Corol. 1. Prob. I.) 
may be inclin'd in any given Angle. 


eee 
PRO f. XI. TRREROR. IV. 


X Ray of Light, at 4 plane uo ag of 4 
A Medium of different Denſuty, is ſo 
refratted, that the Media remaining tht 
fame, the Sinus rectus of the Angle of 
Incidence will, in all Inclinations, bear the 
ſame Proportion to the Sinus rectus of the re- 


fracted Angle. Fig. 1 7 
| | | 
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It is ſufficient for a Mathematician to 
have proved this Theorem by Experiment, 
ſo that from this laid down, he may de- 
monſtrate the Properties of a given Fi- 
gure in refracting, or'inveſtigate a Figure 
whoſe Laws of refract ng are given: Yet, 
for the ſame Reaſons that induced us to 
demonſtrate a like Catoptrical Theorem, 
we ſhall give the Demonſtration of this. 
For this Purpoſe, different Perſons have 
uſed different and quite contrary Poſtulata. 
Cartes _ up the ſame Theorem (tho 
in other Caſes, he affirms the Propagati- 
on of Light to be inſtantaneous) wou'd 
have it in his Dioptrichs, that a Ray of 
Light is carried with a greater Celerity 
thro' a denſer Medium, as Water or Glaſs, 
than thro? one leſs denſe, as Air. This 
appear'd too groſs to Barrow, Fermat, and 
others, who went into a contrary and 
more probable Opinion. Moreover, Bar- 
row, and Maignanus believ*d, that ſome 
certain thickneſs of the Ray of Light, 
however ſmall (which Cartes neglected as 
inconſiderable) was neceſſary to demon- 
ſtrate this Theorem, We have followed 
the. Method of Geometers, . and compoſed 
a Demonſtration far enough from any Sect, 
and depending only upon a very ſimple 
Property of Light, which we aſſumed in 
the beginning. 8 
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| right Line BD, the common 


PR to the Sine of the Angle GB F. 
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Let the Li 
zod compr —— > in the Plane of- Infle- 
jon, between AB and AD, fall u _ 
ion 
the Plane of Iaflection with the plane Sur- 
face of the Medium B C ED of different 


Rl 1 0 (We may juſtly conſider this h 


ecauſe the Rays which compoſe 
=P and their refracted Rays, are, diſtinct- 
ly from the other circumfuſed Light, con- 


tain'd within the fore-mention'd Plane by 


Aa, 2.) Let one of the extreme Rays AD 
be Perpendicular to the right — BD, 
whoſe refracted Ray DE ( whatſoever be 
the denſity of the Medium BR) will conſe- 

neatly go directly on in the ſame right 
Lies with AD: But let the other A B con- 
taining a certain Angle with A, meet the 
right Line B D, which ſeparates the Me- 
—— in B, thro' B draw K B F parallel 
to A E. Let the foreſaid Light contain'd 
bet wixt the right Lines A B, A D. be ſup- 
poſed to be propagated in the Medium 
D, betwixt — Lines DE and BG 
continued in inſinitum: That is, let BG 
be the — Ray of AB, whether the 
Light paſſes out of a rarer Medium into 
one more denſe, as in Fig. 17, or out of a 
denſer one into a rarer, as in Eg. 18. I 
ſay, the Sine of the Angle A B K, will, in 
any Inclination of the Ray, have the ſame 


Light flowing from the Point A, 
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. On the Center B and with any diſtance 
BG, deſcribe an Arch of a Circle meeting 
the Ray BG in G, from which let fall G 
N Perpendicular to AN, interſecting th& 

right Line K F in k. 7 
The Light which proceeding from A is 
diffuſed into the right Line BD, will, if 
BG be put for the Length of the refracted 
Ray, be diffuſed within the new Medium 
DG into the right Line GN: For the 
Spaces into which the forementian'd Light 
is diffuſed, muſt be computed by theſe 
right Lines parallel to the right Line BD, 
becauſe at BD it loſes its former degree 
of Diffuſion, and after that enjoys a new 
one. The right Line B D which divides the 
Media remaining the ſame, ſuppoſe the Me- 
dium D G, in which A B is refracted into 
BG, were taken away, and another Me- 
dium DC of a different Denſity ſubſtituted 
in its Place, in which the Ray AB is re- 
fracted into BC, Ex. gr. meeting the 
Circle in C, thro? which draw the right 
Line C E parallel to B D, meeting AN 
in E, and KF in M. The right Line 
CE will be the ſpace into which the Light 
is diffuſed within the Medium D C, the 
length of the refracted Ray BC continu» 
ing ſtill the ſame. If from the right Lines 
GN, CE into which the Light is diffu- 
ſed, you take away the right Lines F N, 
ME which en at all upon the 
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Facilities of the Media, that is, their 
readineſs in ee Light, (For the length 
and Poſition of the Ray AB remaining 
the ſame, the foremention'd right Lines 
FN, ME remain the ſame and invaria- 
ble, howſoever the Facilities of the Medi 
DG, DC are augmeated, diminiſhed, or 
even annihilated.) There will remain GE, 
CM for the genuine Effects of the Me- 
dia DG, DC reſpectively. Therefore 


ſince all Things that reſpect the Refracti- 


on of the Ray A B from the Medium DK, 
to Media of different Denſities D G and 
DC, excepting only the Denſities of thoſe 
Media, are made the ſame, (namely 


the Medium D K out of which the Light | 


paſſes the ſame, the Angle of Incidence 
A B K of the Ray AB the ſame, and the 
length of the refracted Ray within the ſe- 
cond Mediam DG, or DC the ſame) 
the foremention'd right Lines G F, C M 
will have the ſame Proportion with the 
Facilities of the Media DG, DC which 
produced them: For all Effects are pro- 
portional to their Cauſes. | 
No if the Medium DC, in which the 
Ray AB is refratted into BC, be the ſame 
with the Medium D K, in which Caſe the 
refracted Ray BC (if it may be call'd fo) 
of the Ray AB wilt be in a dire& Line 
with the Incident one AB; GF will be 
yet to CM as the Facility of the * 
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DG to the Facility of the Medium D C, that 
is, by Conſtruction, to the Facility of the 
Medium DK. Moreover C M is the Sine 
of the Angle CB M, or the Angle A B K, 
which is the Angle of Incidence of the Ray 
AB, and GF is, to the ſame Radius, the 
Sine of the Angle G BF, that is, of the re- 
fracted Angle of the ſame —_ Wherefore 
the Sine of the Angle of Incidence is to the 
Sine of the Angle of Refraction, whatſo- 
ever be the Inchnation of the Ray A B to 
the refracting Plane, (for the Angle DAB 
to which ABK is equal, is taken at 
Pleaſure) as the Facility of the Medium 
D K, to the Facility of the Medium DG, 


inflecting the Ray AB into BG. But 


the Media being ſuppoſed the ſame, the 
Denſities of the Media, and their Faci- 
lities ariſing from thence, and conſequent- 
ly the Ratio of theſe will remain the ſame: 
Therefore in every Inclination of the Ray, 
the Ratio of the Sine of the Angle of 
Incidence, to the Sine of the Angle of Re- 
fraction, remains the ſame. Q. E. D. 

This Theorem is thus ſhortly demonſtra- 
ted in the Geometrick Phraſe. The Poſi- 
tion of the Incident Ray remaining the 
ſame, the refracted Ray remains the ſame, 
whatſoever be the Length of the Incident 
Ray AB: Therefore no reſpect is to be 
had to its Length, or the right Line A B 
is to be taken for nothing. Therefore the 
E 3 right 
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right Line FN, which bears a certain 
Proportion to A B, vaniſhes. at the ſame 
Time. Whence the right Line G N, into 
which the Light is diffuſed at a given di- 
ſtance BG within the Medium DG, is 
changed into the only and determinate 
right Line G E, which is conſequently ap- 
pointed by Nature, for the Meaſure of the 
Facility of the Medium D G to which it 
awes us riſe. Q. E. D.,. -, « -; 
But if in the paſſage of a Ray from a 
denſer Medium into a rarer (Hg. 18.) its 
Joclination be ſuch, that G F which is to 
CM in the Proportion of the Facilities of 
the given Media, ſhou'd exceed the Se. 
mi- diameter PG; then the refracted Ray || 
of AB will be nothing (after the manner 
of an impoſſible Caſe in a Geometrical Pro- 
blem.) But that which ſhou'd have been 
the refracted Ray, will not enter the ra» 
rer Medium D G, but will be reflected 
from its Surface, according to the Law of 
Theor. I. in which Caſe the Law of this 
reſent Theorem (as being more univer- 
al) does nevertheleſs take place. 
The converſe of this Propoſition is ſuf- 
ficicatly manifeſt, Namely, That the re- 
fracted Ray of any Incident is truly aſ- 
ſiga'd, when the Angle of Incidence is to 
the Angle comprehended by the aſſign'd 
right Line, and another drawn Perpendi- 
cular to the refracting Surface, in the Pro- 
* 4 portion 
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portion of the Facilities of the given Me- 
dia, which is the Meaſure of the Refra- 
Aion between them: For the refracted 
Ray of the Incident propoſed, can be no 
other than 1 ang 
The Invention of the preceding Iheorrm 
which is the principal one in Dioptrits, 
is commonly attributed to Carteſius, tho it 
was known to Wilebrord Snellias, who 
was dead Ten Years before Cartes's Diop- 
trics was publiſh'd : For Vaſſius at pag. 36. 
of his Treatiſe, De Natura & Proprietate 
Lacis, publiſhed at eAmfterdam, in the Year 
M DC L.XII, tells us, That it appear'd 
from Snellius's Papers which himſelf had 
ſeen, that he had found out, that the Pro- 
portion between the Secants of the An- 
gles, which are the Complemeats of the 
Angle of Incidence, and the Angle of Re- 
fraction to right Ones, is conſtantly the 
ſame : But it is known that the Secants of 
Angles are reciprocally, as the Sines of 
their Complements to right Ones; Be- 
cauſe the Semi. diameter is a mean Geome- 
tric Proportional between tgleem. 
Since we have happen'd to ſpeak of Se- 
cants, it is worth the taking Notice how 
near the inquiſitive KEeLER was to- 
wards finding out this Theorem, who at 
Prop. V. and VI. Paralipom. in Vitellionem, 
lays down theſe Secants for the reſpective 
Meaſure of Refractions. e 
5 Te E 4 Coxror. 
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If BG be the refrafted Ray of the Inci- 
dent A B, every Thing elſe remaining the 
ſame, BA will be the refracted Ray of 
the Incident G B: For the Facilities of the 
Media, by which the Sines of the An- 
gles are govern'd, remain the ſame. 


Co RO. 2. 


From the Demonſtration of this Theo- 
rem it follows, that if the Ratio of A to B, 
meaſure the Refraction between the Me- 

dia A and B, and the Ratio of A to C rhe 
Refraction between the Media A and C; 
the Ratio of B to C vill be the meaſure of 
the Refraction between the Media B 
and C. Which is alſo manifeſt, by ſup- 
poſing the thickneſs of the common Medi- 
um A, between the parallel Planes of the 
other Two to vaniſh : For by this means, 
the Angles remaining the ſame, that part 
of the Ray, propagated thro' the Three 
Media, which is in the Medium A, va- 
niſhes, | Rug 


CoroOL, 3. 


Hence it likewiſe follows, that if the Po- 
ſition of the Ray A B remaining the * 
the 


| 
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the Poſition of the inflecting right Line 
BD be changed by any Angle, ſuppoſe E, 
the Poſition of the refracted Ray BG, will 
alſo be chang'd by an Angle e, which is 
to E, as the difference of 1 and R to I; 
(the Ratio of the Quantities J and R being 
ſuppoſed the ſame with the Ratio of the Sine 
of the Angle of Incidence, to the Sine of 
the Angle of Refraction, and the | Angles 
ſo ſmall, that they may be look'd upon 
to have the ſame Proportion with their 
Sines) and the Angles e and E are ſitua- 
ted on the ſame Sides of the right Lines 
BG, and BD reſpectively when I ex- 
ceeds R, but on contrary Sides when R 


| exceeds I, After the ſame manner, from 


this Propoſition may we judge of the 
change the Angle GB F will undergo, 
when the Angle ABK is changed by any 
other Cauſe whatever. 


SCHOLIUM TI. 


The foreſaid Law of Refraction is con- 
firm'd from the Wiſdom of Nature, al- 
ways acting by the moſt 1 expe- 
ditious Methods; which we before found 


in Catoptrics, to be a legitimate Axiom. 
Namely, to the Light proceeding from A 
to G, ſuch a Point of Incidence B is aſ- 
ſign'd, that it may perform its Journey 
AB G in the /eaſt Time poſſible. _ 
. oint 
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Point of Incidence may be found by the 
help of any Method (Frmat's for In- 
ſtance ) which determines a Maximum & 
Minimum, but moſt eaſily after the man. 
ner following. | | 


PR O B. 


* 


WO Points being given in Media 
| of different Denſities, and the plane 
Surface dividing the Media, whoſe Denſities 
are likewiſe given, being given in Poſition : 
To find ſuch a Point in the foreſaid Surface, 
that a moveable Body procteding from one of the 
given Points, thro the Point ſought to the 
other of them, may take up the leaſt Time ini 
its Journey. Plate II. Fig. .. 


Let the given Points be A and G, and 
let MN be the Surface dividing the Me- 
dia of different Denſities, or rather the 
common Section of the plane of Infle- 
Qion continued thro' A and 6, with 
the foreſaid Surface dividing the Me- 
dia: For (by Ax. 2.) the Point ſought 
will be found in that, Let the right 
Lines I and R expreſs the Velocities of 
Light in the Media DK, CF reſpe- 

ctively. l | 
Becauſe the Velocity of a moving Body 
being given, the Time is as the ſpace run, 
and the Space being given, the Time is 
As 


d a 
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as the Velocity reciprocally ; if neither be- 
ing given, the Time will. be in a com- 

und Proportion of the Velocity recipro- 
cally, and the Space directly. Therefore the 
Time in which the right Line A B, is run, 
will be expreſs'd by Rx A B, and the Time 
in which B G is run by IxBG; and conſe- 

uently the Time in which the whole 

fourncy ABG is perform'd, which is 
made up of both of them, will be expreſs d 
by the quantity RxA B +I*BG, which 
mult be a Minimum. 

From the Poſition of the Points A and 
G, and of the right Line MN being 
given, the right Lines AD, GC, an 


| DC which we ſhall call a, c, and 4 re- 


ſpectively, are given in Magnitude, Call 
CB x. Whence BD =d4—sx, AB 
= Vd 2dx+x*+4*, and BGS N ATN 
Therefore Rxy/#—2dx+x +a +Ixy/ +8 
muſt be a Minimum. 

Now this is (as Mathematicians 
know very well) when the Huxion of 
RXV - 2dxö -N TAL IV- O. But by 
the Method of that moſt celebrated Geome- 
ter Sir J. Newton, for finding the Fluxions of 
as many Fluents as are involv'd in any gi- 
ven Equation, (to which alſo the famous 
Leibnit's Differential Calculas relates) 
which you may ſee at Cap. XCV. Voi. 
II. Operam Mathemat, Malliſii, The Fla» 
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xiow of NLA +a . 
is ta. I* 2xx. 
1 . Tf 2e Therefore 
making this equal to e we haue 
IXXx Rexgd—x | 
Sp pp — 
eL V- TE. 
And ſubſtituting in the room of their Va- 
lours, the right Lines themſelves expreſs'd 
he Scheme, it be He Ho 
in the Scheme, it becomes 5— e NF 
And if BG=A B, then ICB RB D, or 
BD. BC: : I. R. 


Therefore if the right Line DC be 4 


vided in B, ſo that DB may be to BC in 
the given Ratio of I to R, the Light will 
E its Journey from A to G (or 

ackward from G to A) in the ſhorteſt or 
leaſt Time poſſible, by going along A BG. 
But DB and B C are the Sines of the 
Angles BAD and B G C, that is, of the 
Angles A BK, G BF, namely, of the An- 


plc of Incidence, and the Angle of Refra- 


ion. Wherefore that the Time of the 
— from A to G (or from G to A) 
may be the leaſt, the Ray muſt fo fall, 
that the Sine of the Angle of Incidence, 
may be to the Sine of the Angle of Refra- 
Qion in the Ratio of I to R, that is in the 
Ratio of the Velocities of Light i in the fore- 
ſaid Media, or (as is ſhewn before in 
the 
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the Demonſtration of Prop. XI.) in the 
Ratio of the Facilities of the fame Media, 
upon which the Velocities of the Body mo- 
ving thro? them depend. 
Since there are in the Plane dividing the 
Media, an infinite number of ſuch Points 

two of which are in the right Line 
MN) that the Light in paſſing trom A to 
G (or from G to A) thro? any of them 
ſhall take up any given Time exceeding 
the leaſt; there can be no Reaſon aſſign'd, 
why it ſhou'd paſs thro? one of thoſe Points 
rather than another : Therefore it will paſs 
thro? none but the only and determinate 


one of its kind B. 


SCHOLIUM 2. 


When a Ray of Light paſſes out of Air 
into Glaſs, we obſerve the Sine of the An- 
gle of Incidence to be to the Sine of the 
Angle of Refraction, as 3 to 2 in round 
Numbers: And in paſſing out of Air into 
Water, I is to R (which Symbols we 
ſhall uſe for the future, to expreſs the 
Ratio of the Sine of the Angle of Incidence 
to the Sine of the Angle of Refraction, 
which is the meaſure of Refraction) as 4 
to 3. And on the contrary, in the Paſ- 
ſage of a Ray out of Glaſs into Air, I will 
be to R, as 2 to 3, by Corol. 1. From 
whence the Reaſon is plain, why a Ray in 
Glaſs, ſtriking upon a Surface of Air, 

more 
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Ray out of Air into Glaſs, I is ſeſquialteral 


4 Ray fall proceeding from E, and be refra- 


*% 


more obliquely than in an Angle of Inci. 
dence of about 42 Degrees Joes not enter 
the Air, but is reflected from its Surface: 
For the right Line G F which is Seſquialte« 
ral of the Sine of 425%, exceeds the Radius, 
in which Caſe, The Light ſhall be reflect - 
ed as has been obſerv'd abe. 
| Moreover, becauſe in the Paſſage of a 


or 14 of R, and in its Paſſage out of Air in- 
to Water, I is 15 of R; in its Paſſage out 
of Water into Glaſs (by Corol. 2.) I will 
be 13 of R. F een Ber | 

And from Corol. 3. it follows, that the 
Errour of the refracted Ray, is but ſubs» 
triple of the Errour of the Surface of 
Glaſs by which it was occaſion'd, and on 
the ſame Side with ir, when the Ray 
paſſes out of Air into Glaſs, but ſubdy- 
ple of it, and on the contrary Side, 
when the Ray paſſes out of Glaſs into 
Air, 8 


eee eee Ee 8e eee 
PROr. XII. Taro. V. 


JF ET BD be « Surface dividing Media 
; of different Denſities, upon which let 


Hed into DN, the Surface dividing the 
Media- remaining the ſame, bat the _ 
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dia being tranſpoſed, J ſay the 'refratted Ry 
PC of the Ray M D being placed in the ſame 
right Line with E D, will be in the ſame 
right Line with the former refratied Ray ND. 
Hg. 2. we hk. + X | 


Draw the right Line A DO Perpendi- 
cular to the Surface BD in P). 
Since DN is the refracted Ray of E D, 
(by the foregoing,) the Sine of the Angle 
EDA will be to the Sine of the Angle 
NDO in the Ratio of I to R, and if the 
Media be tranſpoſed, the Ratio of I to 
R will be the Meaſure of the Refraction 
out of the Medium B D M, into the Med:i- 
um BDE: That is, ſuppoſing MD to be 
the incident Ray, its refracted Ray will 
be ſuch, that the Sine of the Angle M DO 
ſhall be to the Sine of the Angle ADC, 
as Ito R: That is, by what has been 
juſt now ſhewn, as the Sine of the Angle 
ADE to the Sine of the Angle NDO. 
Therefore fince the Angles EDA, MDO 
are equal, and conſequently their Sines, the 
vines of the Angles AD C, NDO will be 
likewiſe equal, and conſequently the An- 
gles themſelves. Wherefore N D and DC 
lie in the ſame right Line. Q. E. D. 


Coney: 3 
If Rays diverging from E after Re- 
fraction at the Surface BD, * 
e 
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from the Point C, the Media being 
tranſpoſed, and the Surface dividing the 
Media remaining the ſame, Rays con. 
verging towards E, will, after their Re. 
fraction at BD, converge towards th 
Point C. | 
. *'Therefore all that can be demonſtrated 
of Rays diverging, may equally be appli 
ed to 3 ones. Wherefore for 
the future, we ſhall only ſpeak of Rays 
diverging, leaving thoſe converging to be 
determin'd by this Theorem. 


KEIRA LISLIDAGD 
Proe. XIII. Pros. VIII. 


ROM the Focus of diverging Rays be: 
ing given, to find the Focus of the ſam: 
Rays after their Refraction, at a plane Surfact 
of « Medium of different Denſity, with reſped 
to an Eye placed in the Axis. Fig. 3,4. 


Thro' E the given Focus of diverging 
Rays, draw the right Line EB Perpen- 
dicular to the plane Surface BD of a 
Medium, either denſer or rarer; in this 
take the Point C ſuch, that CB may be 
to EB, as I to R. I fay C is the Fow 
ſought. = 
Let fall any Ray ED. Thro' D draw 
AO parallel to EB. Join CD and pro- 
duce 1t to F. It 


The Elements / Dioptrics. 65 


If the Ray ED be near enough to the 
right Line EB (for we ſpeak here only of 
thoſe Rays that fall near the Axis, ſince 
theſe only do, after Refraction, affect the 
Eye placed, by Suppolition, in the Axis of 
Radiation produced, thoſe that fall more 
obliquely paſſing by the pupil of the Eye, 
and conducing nothing at all towards dif- 
cerning the Point E, as we have before 
obſerv'd in Catoprrics) ED will be nearly 
equal to EB, and CD to CB. Where- 
fore C D is to ED, as I to R: But CD 
is to ED, as the Sine of the Angle BED, 
or its equal E D A, to the Sine of the An- 
gle BCD, or its equal ODF: Therefore 
the Sine of the Angle E DA, is to the 
Sine of the Angle O D E, as I to R. But 
the Angle EDA is the Angle of Incidence 
of the Ray E D: Therefore OD F is the 
reſpective Angle of Refraction, that is, 
DF is the refracted Ray of the Incident 
ED. And the ſame may be ſhown of any 
other Ray diverging from E, whence 
is the Focus required. Q. E. I. "Hh 


5 os 


From hence and from Corol. 1. Prop. 
XI. it follows, that the ſame Things be- 
ing ſuppoſed as before, Rays in the Medi- 
aum B D O converging towards C, will, 
after Refraction, converge towards E. 

elract F Fore” 
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And if the Media were tranſpoſed, it 
follows from hence and from Prop. XII. 
That Rays in the Medium BD O conver. 
ging towards E, will, after Refraction 
converge towards the Point C; and 
Parallel Rays will, after Refraction at a 
plane 221 of any Medium, ſtill remain 
atallel. | 


Conor. 2. „ * 


If BD A be Water and B D O Air, CB 
Wilt be to EB as 3 to 4: From whence 
it happens, that Water appears à fourth 
Fart leſs deep, than it really is. But if 
B DA be Glaſs, EB will be 14 of the 
right Line CB. PLE 


SCHOLIUM, 
x FE. - 


What is demonſtrated of any Incident 
Ray, namely, that its refrated Ray DC 

roduted backwards, till it meets with 
EB. is to the Incident E D, as I to R, is 
alſo true of the perpendicular Incident 
EB: For its refracted Ray B C produced 
backwards, tho' as to its Poſition it be the 
ſame with the Incident, yet as to its length 
it is to it in the very ſame Ratio of I to 
R. And becauſe this Ray paffing theo? 
the Center of the Eye, and the orhers that 
are neareſt it, are the only ones that affect 
En the 


cd = af -- 
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the Senſe, from thence it is, that with re- 
ſpect to the Eye, C is the Focus of the Rays 
diverging from E, and refracted at B D. 
This Coaſideration extends likewiſe to 
what follows. 


% 
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PRO r. XIV. PRO B. IX. 


O find the Focus of parallel Rays fal- 

ling upon 4 Spherical Sarface of 4 Me- 

dium of different Denſity, after Refrattion, 
Plate II. Eg. 5, 6. | 


Let the Spherical Surface whoſe Cen- 
ter is A, be expreſs'd by the Circumfe- 
rence of the Circle BD, thro' A draw the 
Axis A B parallel to the Incident Rays, 
meeting the Circle in the Vertex B; in 
which take the Point C ſuch, that BC 
may be to AC, as I to R. I ſay C is 
the Focus required. | c 

Let any Ray fall at D, draw the right 
Lines A D, CD and produce them. 'The 
Sine of the Angle BA D, or its equal ED 
O, is to the Sine of the Angle C DA (or 
its Complement to two right Ones) as 
CD to AC, or (the Arch DB vaniſhing 
for Rea ſons before often mention'd) as 
CBto A C, that is, by Conſtruction, as I 
| F 2 tO 
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to R: But EDO is the Angle of Inci- 
dence of the Ray E D, therefore D C is 
its refracted Ray. After the ſame man- 
ner it may be demonſtrated, that any other 
of the parallel Rays will, after Refracti- 
on, paſs thro' C. Therefore C is their 
Focus. Q. E. D. | : 


CoROLLARIEsS. 


Hence and from Corol. 1. Prop. XI. and 
Corol. Prop. XII. it follows. 

1. That Rays in Air parallel to the 
Axis, after Refraction at a Spherico-con- 
vex Surface of Glaſs, conyerge to a Point 
whoſe diſtance from the Vertex 1s equal to 
three Semi-diameters of the Sphere. 

2. That Rays in. Glaſs diverging from 
a Point diſtant from a Spherico-concave Sur- 
face of Air by three Semi-diameters, do, 
after Refraction, become parallel to a 
right Line drawn thro? the radiant Point, 
and the Center of the Sphere. 

3. That Rays in Glaſs parallel to the 
Axis, after Retraction at a convex ſphe- 
rical Surface of Air, diverge from a Point, 
whoſe diſtance from the Vertex is equal to 
the Diameter ot the Sphere. - He 
4. Thar Rays in Air converging to- 
wards a Point diſtant beyond a concave 
Glaſs by the Diameter of the Sphere, af- 
ter Refraction at the concave Surface of 

| Glaſs, 
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Glaſs, become parallel to a right Line 


drawn thro? the Center of the Sphere, and 
the fore-mention'd Point. : 


Ci 


F. That Rays in Air parallel to the 


Axis, after Refraction at a concave Sur- 


face of Glaſs, diverge from a Point at three 


Semi-diameters diſtance from the Vertex. 
6. That Rays in Glaſs converging to a 
Point three Semi-diameters diſtant beyond 
a Spherico-convex Surface of Air, after Re- 
fraction, become parallel to a right Line 
drawn thro? the Center of the Sphere and 
the fore-mention'd Point. 1 
7. That Rays in Glaſs parallel to the 
Axis, after RefraQtion at a Spherico-con- 
cave Surface of Air, converge to a Point 
diſtant from the Vertex, by a Diameter 
of the Sphere. 3 $8.4 
$8, That Rays in Air diverging from a 
Point at a Diameters diſtance from a Sphere 
of Glaſs, after Refraction at a convex 
Surface of Glaſs, become parallel to a right 
Line drawn thro? the fore- mention'd Point, 
and the Center of the Sphere. 


SCHOL 1UM. Plate II. Fig. 7. 


The generating Circle of the Sphere BD, 
has the ſame degree of Curvity with an 
Elipſis pa ſſing thro B, by. whoſe Rotation 
a Spheroid being made of a denſer Medium, 
collects Rays in the ambient Medium pa- 
12555 F 3 rallel 
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rallel to the right Line A B, exactly at C. 
For we all know, that BG, the greater 
Axis of that Ellipſis, ought to be to EC 
the Diſtance of the Foci, as I to R. Sup- 
poſing then the ſame Conſtruction with 
that at Schol. Prop. IV. BG 1s, to EC as 
K. C to HC, that is as HC to CL, that 
is as KC+HC:to HC+CL, or to HC 
+CK—LK, that is as BC to, BC — 
half the Laras Rectum, belonging to the 
Axis BG, (for LK has, at Schol. Prop, 
IV. been ſhewn- equal to half the fore. 
mention'd Latus Reltum) but by the Con- 
ſtruction of this Prop. the Situation of the 
Point C is ſuch, That BC is to AC, as! 
to R, that is, as BG to EC: Therefore 
BC is to AC, as BC to BC— half the 
Latus Rectum, belonging to the greater 
Axis : . Wherefore AC is equal to B C— 
half the fore-mentiba'd: Lata; Rectum: 
And conſequently AB is equal to half the 
Laus Rectum. Wherefore the Circle BD 
is equally curve in B with the ELlipſ. 
BKG (by Corol, 1. Prop. XX. lib. 1. 
Vinc. Viviani de Maximis & Minimis.) 
Whence it is, that a Sphere generated by 
the fore-mention'd Circle, performs in re- 
fracting 185 nearly the ſame Thing, 
which an oblong Spheroid generated by 
the Rotation of an E/kpſps does exactly; 
namely, that Rays in a rarer ambient 
Medium, parallel to the right e G, 
9 | $ after 
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after RefraQion at its Surtace, may con- 
verge to the Point C. 

After the ſame manner, by the help, of 
Schol. Prop. VI. it may be ſhewan, that the 
th Circle BD is ar * Vertex equally 
43 curve with an Fhperbola paſſing thro' By 
at W and generating a Conoid, which being of 
C a rarer Medium, does ſo refratt Rayein a 
1 denſer ambient Medium parallel to the fight 
ne Line A B, that they ſhail afterwards ar 
7. verge from the Point C: Or, which re- 
© —_— the ſame Thing (by Prop. XII.) 
n- ng of a denſer Medium, does ſo refract 
he Rays in that ſame denſer Medium parallel 
1H tothe right Line A B, at their entrance in- 
edo the rarer ambient Medium, that they ſhall 
he afterwards converge to the Point C. ä 
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Prov. XV. PRO B. Kit 


H E Focus of Rays divviging and fal. 
ing upon 4 given Spherical Surface 
Free Þ ity, to find the Focus of the 
= Rays A Nee Plate II. Fig. 
, 9, 10, 11, 12, 23, 14, 15. 


Y Let the Spherical Surface be expraſitd 
ay by the Circumference of its greateſt Cir- 
G, | cle BD, Thi? the * orus and the 
* Center 


72 The Elements of Dioptrics. 
Center of the Sphere, draw the right Line 
EA meeting the Circumference in B, in 
which take the Point C ſuch, that the Ra. 
tio compounded of the Ratio of EA to 
AC, and of CB to BE, may be equal to 
the Ratio of I to R. I fay C is the Focus 
required. et l 1 3649 . 
Me ſhall make one Demonſtration ſerve 
for all the eight principal Caſes of this 
Prop. expreſs'd by ſo many ſeveral Fi- 
ares, the four firſt of which, ſuppoſe I 
reater than R, the others leſs, and which 
differ from one another, according: as the 
given Focus is ſituated on this, or that fide 
of the Focus of parallel Rays; or according 
as the refracting Surface is Convex or 
Concave, , 1 194602 cb 

Let fall any Ray at pleaſure ED pro- 
ceeding from E. Join A D, DC, and 
thro' C draw a right Line parallel to AD, 
meeting the right Line ED in H. 

The Point D almoſt coinciding with B, 
CD and CB, as likewiſe ED and EB 
are almoſt equal, Wherefore the Ratia of 
I to R, is equal to the Ratio of EA to 
AC, and the Ratio of CD to ED toge- 
ther; that is (becauſe of AD and CH 
parallel) to the Ratio of CD to ED, and 
the Ratio of ED to DH together, or to 
he Ratio of CN tra DH: But CD is to 
DH as.the. Sing of the Angle DH C, or 
us Com plement ta two right Ones ADH 
212 8 or 
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or EDO, is to the Sine of the Angle 
DC, or of the Angle ADC, or in ſome 
Caſes its Complement to two right Ones. 
Moreover, the Angle EDO is the Angle 
of Incidence of the Ray ED: Therefore as 
I to R, ſo the Sine of the Angle of Inci- 
dence of the Ray ED, to the Sine of the 
Angle ADC. Wherefore (by Prop. XI.) 
DC is the refracted Ray belonging to the 
Incident one ED; and fince ED 1s taken 
at Pleaſure, tis plain the Focus of all the 
Rays proceeding from E, will be C. Q. 
E. I. f | „5 81 
If the Media propoſed were Air and 
Glaſs, and the Ray paſs'd out of Air, into 
| Glaſs (as in the four firſt Figures) the 
Focas C will be very eaſily found: Name- 
ly, if the third Part of the right Line EA 
be to AB, as EC to BC. For trebling 
the Antecedents, EA is to AB (or AD) 
as 3 EC to BC (or DC): But E A is 
to A D, as the Sine of the Angle EDO 
to the Sine of the Angle DEA, and 3 EC 
is to DC as thrice the Sine of the Angle 
EDC (or HDC) to the Sine of the 
Angle DEA: Wherefore the Sine of the 
Angle E DO is triple of the Sine of the 
Angle HD C, and conſequently (in theſe 
very ſmall Angles which have the ſame 
Ratio with their Sines) 1+ of the Sine of 
the Angle ADC. Therefore DC (or 
De lying in the ſams right Line with ir) 


4 
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is the refracted Ray of E D paſſing out of 
Air into Glaſs. 
When the Ray paſſes out of Glass into 
Air (as in the four laſt Figures) the 
Focus will be found from the ſame Princi- 
les, by taking the Point C ſuch, chat 
If the right Line EA ww. be to _—_ 
as EC to BC. 


Conor. 1. 


From this Prop. and XII. and Corol. 4. 
Prop. XI. it will be eaſy, from the given 
Focus of Rays converging, and falling up- 
on a Spherical Surface — * Medium ot a 
fereat Denſity ; to find 1 Focus 1 
Refraſtion. | 10 de 


Conor. \% 5 


W from the Foci E and C, and 
the Vertex B being given, we may find A 
the Center of the Sphere, and thence the 
refracting Sphere it ſelf; By taking the 
Point A ſuch, that EA may n ©C-i 
a Ratio compounded of — Ratio's of BE 
to BC and I to R. Or from the For 
and: Center being 18 given, may be found 
the Vario. ike Problem, ö 
ing Spherical —— „ may (by. 
Correſpondent Prop. in Catoptrics) 
88 Wüh equal caſe, and more ge 
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Geometrical | Conſtructions from thence 
deduced. „ 1 


nen, & 


The Geometrical Conſtruction of this 
Prob. X. is eaſily deduced from What has 
been premiſed. Plate II. Fig: 16. Every 
Thing elſe remaining as before, thro? B and 
A draw the right Lines BO, A N parallel, 
meeting the right Line EN drawn from 
E as you pleaſe in Fand N: Make A N 
to AM as I to R. Join the right Line 
FM, and produce it ' till it meets the 4x75 


EA in C. This will be the Focus requi- 


Ac; 1. fn | 
Join CN, meeting the right Line BF 
in Q; to this thro' F draw parallel the 
right Line FH 1aterſecting the right Line 
EA in H. mhm 
For EA. EB: : (EN. EF: : EC: 
EH: : ECE A. EH—EB: :) AC, 
BH. & permutando EA. AC: : EB. BH. 
Therefore CB: BE, +EA. AC:: (CB. 
EB, ＋EB. BH: : BC: BH: : BQ. 
BE:: AN. AM: :) I. R. Wheace( 
is the Focus required. 
This ſame Conſtruction will ſerve (on- 
ly changing the order of the Points E, B, 
A, C, M and N) if R exceed I, or if the 
Rays converge, or are parallel, in which 
Caſe it will be changed into that of hy 
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IX. Or if the Concavity of the refracting 
Surface look towards the Focus E, or if B 
be plane, in which Caſe it changes into 
that of Prob. VIII. For when the right 
Line AM N (divided as above) is infi- 
nitely diſtaat from BQ, the right Line 
FM will be the ſame in Poſition with a 
right Line joining the Point'F with a Point 
dividing BE after the ſame manner as 
AM is divided in N, ſuppoſing BE to be 
mologous to AM; becauſe the Tangents 
of Angles are reciprocally, as the Tangents 
of their Complement to a right Angle. 
After the ſame manner, if of the four 
Points A, B, C, and E, any other three 
be given, Ex. gr. E, B, and C, the fourth 
A will be determin'd; that is, the Spheri- 
cal Surface paſſing thro? the given Point, 
and changing the Focus E into C, will be 


determin'd, & vice verſa, 
'  $cHroLIUuMm, 


- Since there is no Spheroid or Conoid ge- 
nerated by the Rotation of a Conick Section 
round its Axis, and conſiſting of a Medium 
of different Denſity from the ambient Me- 

dium, which can exactly change a given 
Facus of Rays into another given one by 
Refraction at a fingle Surface: It follows, 
that ch.s Property of performing the Thing 
propoſed pretty nearly, does — be- 
* ong 
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long to a Spherical Surface; becauſe the 

reateſt Circle of that Sphere has the ſame 
degree of Curvity with Cartes's Carve, 
Lib. II. Geometrie ) by whoſe Rotation 
are made Surfaces, which ſeparating Me- 
dia of different Denſity, anſwer the Pro- 
blem exactly. But if the Condition of that 
equicurve Circle, and of the given Foci ly- 
ing on the ſame ſide of the Center be ſuch, 
that the Semi-diameter of the Circle be a 
middle proportional between the Diſtances 


| of the Foc! from the Center of the Circle, 


And one of theſe Diſtances be tothe Semi- di- 
ameter in a Ratio, meaſuring the Refract ion 
between the given Media, that Curve 
of Cartes's is chang'd into the Circumfe- 
rence of a Circle. In this Situation of the 
Focus a Sphere of given Denſity, genera- 
ted by the Rotation of a Circle, will ſo re- 
fract Rays proceeding from one of the Fo- 
ei, that they ſhall all afterwards diverge 
preciſely from the other of them. 


A HERE eee eee ee 
PRO P. XVI. PRO B. XI. 


VE Focus of 4 given Lens, being 
given, to find the other. | 


A Lens is a Tranſparent Body, of a dif- 
| | ferent 


* 


78 The Elements of Dioptrics. 
ferent Denſity from the ambient Median, 
and terminated by two Surfaces either 
Spherical, or Plane and Spherical. A right 
Line Perpendicular to both its Surfaces is 
call'd the Axis of the Lens. The Points 
where the Axis interſects each Surface are 
call'd the Vertices, either the Vertex of In- 
cidence, or the Vertex of Emerſon, accord- 
ing as it lies in that Surface upon which 
the Rays firſt fall, or out of which the 
again emerge. The Thickneſs is the di- 
nce between the Yertices. 
The Terms being thus explain'd, the H 
ens required may, by means of a Calcu- 
lation (which in Practice is to be pre- 
ferr'd to the niceſt Conſtructions) ground- 
ed upon the foregoing Propoſitions, be ea- 
ſily determin'd, and Canons (which be. 
cauſe of their Difficulty to be 'remember'd 
are here omitted) eſtabliſſd by making 
the Calculation general, As if from the 
Focus before Incidence being given, it 
were required to find the Focas after Emer- 
fion : Firſt, the Focas of the Rays after 
their RefraQion at that Surface of the Lens, 
upon which they firſt fall muſt be found; 
and this is done by Prop. XIII. if the Sur- 
face of the Lens be plane; but if it be 
Spherical, and the Rays parallel by Prop, 
XIV. and by Prop. XV. if they be diver- 
ging or conyerging. And having thus got 
the Focus of the Rays after Refraction ws 
this 
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The Elements of Dioptrics. 79 
this firſt Surface, that is, while they are 
ſing thro? the Lens, which is likewiſe 
call'd the Focas of Tranſition, after the ſame 
manner their Focws after Refraction at the 
ſecond Surface of the Lens, or rather at the 
Surface of the ambient Medium contiguous 
to this ſecond Surface, will be found ; that 
is, their Focus after Emerſion from the 
Lows. B. EL, 

If there were more than one Lens, we 
mutt proceed after the ſame manner with 
every one of them. | 

By the like Method, from the Focus 
made by the help of one or more given 
Lens's being given, the Focus before Inci- 
dence is found, or from the optical Ma- 
chine being given, the diſtance of the Ob- 
ject is determin'd. LE | 


| CoRorL 


If the Geometrical Conſtruction of this 
Problem be deſired, it is eaſily deduced 
from Corol. 3. of the foregoing Prop. by aſ- 
ſuming rhe Conſtruction there given for one 
Surface of a Lens, and repeating it for the 
other. Fig. 17. For the right Lines EN, B E, 
AN and FM being drawn according to 
the Directions of that Coro/. *Tis plain 
the right Line FM will tend towards the 
Focus of Tranfition of thoſe Rays, whole 
Focus before Incidence was E: 1 —_ 

this 
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this meets with the parallel right Lines, 
drawn thro? « the Center of the hindmof 
Surface, and b the Vertex of Emerſion, in 
1 and f, and 4 be taken to am, as I to 
R at the Egreſs out of the Lens, (that is, 
as R to I at the Ingreſs into the Lens,) the 
joined right Line f will meet the Axi 
Bb in e, the Focus required after RefraQi. 
on at both the Surfaces of the Lens. For 
the right Line »»f is in the ſame Condi. 
tion, with reſpect to the Emerſion of the 
Rays from the Lens, in which MF, was 
with reſpect to their Immerſion. | 
In like manner, if of the Six Points 
A, B, E, 4, b, e, any other five be given, 
the ſixth may be determin'd ; For Exam- 
ple, from the two Foci, the Thickneſs of 
the Lens, and one Surface being given, 
the other Surface may be diſcover'd. 
This is the Conſtruction, which Barron 
:eceiv'd from a Friend, and placed with- 
out any Demonſtration at the End of Led. 


XIV. 


* 


PRoe. XVII. Trxos. VI. 


1. plane Radiant Surface ſends out 
Rays upon any plane or ſpherical re- 
ſratting Surface, the Rays proceeding from 


eve) 
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every Point of the Radiant Surface will, af. 
ter Refrattion, have their reſpective Foci 
very nearly in one and the ſame Plane, pas 
rallel to the Radiant Plane. Plate II. Fig. 


Let any refra ing Surface be expreſs'd 
by BD, whoſe Center is A, and a plane 
Radiant Surface by the right Line E F. 
From A upon E FE, let fall the Perpendi- 
cular A E meeting BD in B. Find C the 
Focus of thoſe. Rays after Refraction, whoſe 
Focus before Incidence was E, thro? which 
draw the Plane CT parallel to the Plane 
FE. I ſay, the Fuci of Rays proceeding 
from every Point of the Plane EF. ( or 
the principal, Image of the Plane. E F, 
which is made up of the Images of every 
one of thoſe Points, with reſpect to an Eye 
placed in the Axis of Radiation: For we 
take no Notice here of the ſecondary I- 
mage, ſeen by an Eye in any given Situa- 
tion, which. Barrow has conſider'd in his 


three laſt, Lect.) will all be poſited very 


nearly in the Plane C T. From the Point 
F taken at Pleaſure in the radiant Plane, 
to the Center A draw the right Line FA, 
meeting the retracting Surtace at D, 
and the Plane CT in T. DC will be 
the refracted Ray of the Incident BD; 
and ſuppoſe the retracted Ray of the In- 


eident FB to be B H, meeting the right |» 
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Line DT in H. Becauſe the Angle RAE 
is ſoppoſed but ſmall, the Arch BD is to 


be look'd upon as a right Line, and a 
Circle deſcribed on the Diameter BF will 
paſs thro? the Points D and E, becauſe. of 
the Angles BEF, BDF being right. 
Whence the Angles EBF, ED F (name- 


133 Angles of Incidence of the Rays 
B and ED) contain'd in the fame Seg- 


ment, are equal, and confequently the 
Angles of Refraction A BH, ADC will 
alſo be equal. Therefore by reaſon of the 
Angles at A equal, the Triangles B A H, 
DAC are' equiangular, and BA is to 
AH, as DA to AC, and ſince BA 5 
equal to DA, AH will be likewiſe equal 
to AC: But becauſe the Angle EAF or 
TAC, is very ſmall, AT is very nearly 
equal to AC, and therefore AH, AT 
may be look'd upon as equal: That is, 
the Focus of the Radiant Point F is ſitua- 
ted very nearly in the Plane CT. And 
fince F is taken any how, the ſame will 
hold true of all the Points of the Plane 
E E, namely, that their Foc will be in 
the Plane CT. Which is demonſtrated 
after the ſame manner in any other Caſe 
whatever. Q. E. D. 


CoRor. 
Hence it follows, that the Image of 


the radiant Plane E E, to which the r 
0 


— whe ©. 
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of the Lens is Perpendicular, is alſo a Plane 
parallel, to the former Plane: For the 
Image conſtituted in the Plane CIT may 
be confider'd, as a plane Surface ſending 
out Rays upon rhe ſecond. Surface of the 
Lens. But if the Angle EA F be too great, 
ſo as that A T ſhall much exceed A C, and 
can by ao means be Ghee, as equal 
to it, in chat Caſe tis eaſy, after the man- 
ner ' of Card. Prop. VIII. to determine 
whether the Image of the Plane EF will 
be convex or concave. For Example, it 
will be concave towards A, if BD the re- 
fracting Surface be of a denſer Medium and 
convex, or of a rarer Medium and con- 
cave, & vice ver ſa. 5 


Prop. XVIII. Ta OR. VII. 


"THE Image appears from the Vertex of 
Emerſion under an Angle equal to 

that, under which the Object appears from the 

Vertex of Incidence. Plate II. Fig. 19, 


Let GB the Axis of the Lens be ſuppo - 
{cd produced, and ſtanding perpendicular- 
ly on the radiant Plane F E H at E, which 
(by Corol. of the fore-going Prop.) is 
alſo Perpendicular to * Image f Ch. Jon 

2 the 
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the right Lines BE, BH, Gf, Gb. 1 
ſay the Angtes EB H, TG are equal. 
Our of the innumerable Rays proceeding 
from the Point E, and after Reffattion at 
the Lens, again united at F the Image of 
rhis Point, chuſe two, one of which FB 
meets the Lens at the Vertex of Incidence 
B, and being there refracted, tends to, 
the Focus of Tranſition of that Point, and 
being again tefracted at L, is directed to: 
wards f: The other FD being firſt refra- 
cod in D, tends ſtraight on to e, till it 
emerges out of the Lens at the Vertex of 
Emerſion, where being again refracted, it 
proceeds towards f. er ene 
DGB is the Angle of Incidence of the 
Ray DG, and CG its Angle of Retra- 
ction; and LB G is the Angle of Inci- 
dence of the Ray LB, which (by Corol. 
I. 1heor. IV.) wou'd be refracted into 
BF, and EB is its Angle of Refraction, 
Becauſe the right Lines B, 2 (BG 
the Thickneſs of the Lens being negleQ- 
ed ) become equal, the Sines of the An- 
gles DGB, LBG which are proportional 
to theſe, and conſequently the Angles 
themſelves DGB, L BG, and theretore 
their Angles of Refraction, likewiſe C Gf, 
E B F will be equal. After the ſame man- 
ner CGh, EBHare found equal; There- 
fore the Angles FBH, fGh are 2 
ET T2 £5. 1 > 160120,44 2:7": WING 
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which is ſhown after the ſame manner in 
any other Caſe whatever, | 2 E. D. 


Coxor. 


1 


84 
1 


Hence it 6 Ong inns Link is 
to its Image made by a Lens, as the di- 
ſtance of that from the Vertex of Incidence, 
to the diſtance of this from the Vertex of 
Emerſion, or (the Thickneſs of the Lens 
being neglected ) as their Diſtances; from 
the Lens. But if the Radiant be a Sur- 
face, their homologous Lines will ſtill re- 
main in the 'ſame Proportion; but, che 
Radiant will be to its Image in a di 
proportion of thoſe Diſtances. Whence 
it will be. eaſy to determine the Propor- 
tion which the 14% Image ( which, is im- 
mediately ſeen by the Eye) of an Object, 
made by the Mediation of one on Like 
Lens's, bears to the Object it ſelf. - 

From this Prop. it follows übe 
that a Radiant Line and its Image, are 
cut in the ſame n 1 the 4 A 
the daun e 2155 
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| 1 41 367 1 THE 
T Poſition o e Rbdinet, an; 1850 Axi 
of the Lens: ing given, au deter min: 
its Triage made * 4 — Lens, mith reſpec 
19" an De placed in the: Axis: of. 01 bn 
hls II. Fg. 9 55 eh ot be 
= "The ro me Jong ne iq 
Whoſe” Au C producad at P lea ſure 
| the Radiaiit-to: be placed, to th; 
extreme Points bf which the right Lins 
CE, CE do tend. Let & he she. Focus of 
Rays: proceeding from that Point of the 
Raliant Which dies in the Au, after Re 
fraction at both the Surfaces of the Len, 
found by Prop. XVI. Thco': which dra 
the Plane e 6 45 to which CD is Perpendi 
cular. Then thro? D the right Lines D/, 
De being drawn parallel to CF and C 
'tis plain (from the two. foregoing Prop, 
that F is the Image of that Point to * 
the right Line CF is directed, and e | 
the Image of that to which CE is dired- 
ed, From whence it is manifeſt, that the 
Image f be will be ſeen by an Eye placed 
any Where in CD produced beyond 6, and 
receiving the Rays from the reſpective Point 
of the Image diverging, 18 
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But it is to be obſerva, that every Point 
of the Image f be does not, like the primary 
Radiant, ſend forth Rays every way and into 
all Parts; but the Rays of each Point conſtir 
tute a Cone oppoſed at the Vertex to that Cone, 
which has the fore. mention d Point for its 
Vertex, and the Lens that refracts the Rays 
for its Baſe : Whence from the Situation 
of the Eye, and the Diameter of its, Pupil 
being given, it will prefently. be known, 
whether the Eye will receive the Rays of 
any given Point, that is, whether it will 
ſee that Point. Which Conſideration muſt 
always take Place likewiſe, in Viſion of Images 
wade by 4 Speculu mn. 
For Example, if the Radiant be vaſtly 
diſtant, and the Surface PC Q plane, 
PDQ convex, and the Lens made of Glaſs 
with Air all around it, D“ will (by Ca- 
rol. 3. Prop. XIV.) be equal to the Dia- 
meter of the Sphere P DQ: For the Rays 
being parallel to BC, paſs unrefracted 
thro? the plane Surface P CQ, upon 
which they fall perpendicularly; and the 
Image in reſpect to the Radiant is in- 
A 109m 1064.7 

But if PCQ be convex, and PDQ 
plane, C will (by Corol. 1. Prop. XIII. 
and Corol. 1. Prop. XIV.) be equal to the 
Diameter of the Sphere PC, together 
with a Third Part of C D the Thickneſs 
of the Lexs. And neglecting the Thick- 
G 4 neſs 
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neſs of the Leys, as is uſually done in the 
object Lens of a Teleſcope, the Di- 
ſtance of the Image of a vattly diſtant Ra. 
diant, from a Plano-convex Lens, is equa] 
to the Diameter of the Sphere. 

If the Plano-convex Lens PQ were of 
Water, Db wou'd, by Prop, XIV. be ſeſ⸗ 
quialteral of the Diameter. 

If the Lens PQ be of Glaſs, and both 
its ' Surfaces equally. Convex, the 'Thick- 
neſs being neglected, D 6 will (by Corol. 
1. Prop, XIV. and Prop. XV.) be equal 
to the Semi-diameter of either Sphere. In 
an entire Sphere of Glaſs, the Image of a 
very diſtant Radiant, will be at the di- 
ſtance of a Quarter of the Diameter be- 
hind the Sphere; for in this Caſe, the 
Thickneſs of the Lens cannot be neglect- 
ed: In one of Water, this Diſtance equals 
the Semi-diameter, FX Oe; 

In all theſe: and the like Caſes, if rhe 
Sun be that diſtant Radiant, and the Len, 
be notably broader than the Image of the 
Sun, in the Place of the Image a Burn- 
ing will be excited, and that more ve- 
hement than from a Concave Speculum, 
it the Image of the Sun be equally diſtant 
from a Lens and Speculum equally broad, 
becauſe of the greater loſs of Rays at 
this, than at that. If a Lucid Body be 
put in the fore · mention'd Place, the Image 
of it will be caſt at a very great W 

| 1 an 
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and will enlighten thoſe Parts that are vaſt» 
ly remote. | 11 5 

If the Radiant be not vaſtly diſtant as 
before, but yet more remote from the 
Lens, than the Place of the Image of a vaſt- 
ly diſtant Radiant; beſides the Appear- 
ances juſt explain'd, namely, that the I- 
mage will be inverted, Cc. if the Radi- 
ant approaches towards the Lens, the I- 
mage will recede, and vice verſa; till the 
Radiant comes to the place of the Image 
of a very diſtant Radiant, and then 
its Image will become vaſtly diſtant, 
All which may be ſeen in a darken'd 
Chamber, receiving no Light but thro? a 
convex Lens, upon which Radiants at dif- 
ferent Diſtances caſt their Rays. The 
Place of the Image of any Radiant is 
known, by its being painted moſt diſtinct- 
ly upon a white unpoliſhed Plane, ſituated 
in the Chamber. Nor is there need of 
ſubjoining any Thing more of this Experi- 
ment, which is now very common; or of 
that other, founded upon the ſame optical 
Principles, in which by the pellucid Ca- 
lours of a Picture painted upon Glaſs, and 
tranſmitting the cloſe Rays of a Flame, 
an Image is ſhowa painted upon a white 
unpoliſh'd Plane. a+; 3% 1 

If the Radiant be nearer the convex Len: 
than the Image of a vaſtly diſtant Radiant, 
then its Image will be form'd not on the 

FF; _ _ 
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oppoſite, but on the ſame fide of the Len, 
and its Place according to what has gone 
before, from the Place of the Radiant be. 
ing given will be determin'd. This Image 
is always ere, and greater than the Ra- 
diant: And as the Radiant approaches to 
the Lens, the Image likewiſe approaches 
to it, and in like manner they both recede 
from it at the fame Time, but the Image 
more ſwiftly. er e OE 
Fig. 21. If the convex Lens were chang'd 
into a concave One, the ſame Conſtru- 
AQtion remains, and by a Calculation, (ac- 
cording to the Corollaries of Prop. XIV.) 
s bf the Image of a very diſtant Radiant, 
made by a Plano-concave Lens PQ, will be 
found erect, and on the ſame ſide of D with 
the Radiant, and diſtant from it by the 
Diameter of the Sphere PDO. Now if the 
Surface PCQ be alſo Spherical, and the 
Radiant from being diſtant becomes near, 
its Image will be determin'd by the ſame 
Conſtrucion, if by Prop. XV. the I- 
mage of the radiant Point placed in the 
Axis of the Lens be firſt found. In which 
Caſe, beſides What has been juſt now 
ſaid, it is alſo to be obſerv'd, that the I- 
mage approaches to, or recedes from the 
Lens at the ſame Time as the Radiant 
does, but more ſlowly, as will be plain to 


any one, Who will give himſelf the trou- 


Let 


ble of a Calculation, 
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the right Lines E. | 
directed, and which is conſequently given 
in Poſition. And in this - Caſe, the chief 
Thing to be obſerv'd is, that to an Eye 
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Let the Rays of any Radiant, infected 
afrer ſuch a manner as to be ready to 
form the Image e bf if, nothing hinder'd, 
be conceiv'd to be intercepted by a Plano- 
concave Lens PQ; upon - whoſe concave 
Surface PD Q, deſcribed on a Diameter 


equal to the right Line D6, they firſt 
fall: The ſame . Conſtruction as before, 


determines. the Image made after the Re- 
fraction of theſe Rays at the foremention'd 
Lens. For ( by Corol. 4. Prop. XV,) the 
Rays converging towards &, are ſo refra- 


Qed from the concave Glaſs, as to be- 


come parallel to the Axis, that is, they 
conſtitute a vaſtly diſtant Image, to whoſe 
extreme Points 90 the furegoing Theor.) 

„F Core D, fD are 


about B, the diſtant Image appears 


inverted, in reſpect to the Image that 


wou'd have been made at eb f, without 


the latervention of the Lens. - It will be 
eaſy to proceed 


ding to theſe Examples. O. E. E. 


4 


in all other. Caſes, accor- 
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P Rox. XX. PRO B. XIII. 
| l "T0 find ſuch 4 Poſition of the Radiant 
I» reſpect to 4 given Lens, that the 
gives Figure, which is ſimilar to the Radi. 
ant: Or, which is the ſame Thing, that the 
Radiant may be to its Image made by the 
Loh in a given Proportion. q Plate II. Eg. 


Let a Len, of Glaſs be given, for Ex- 
ample, let A B be the Semi- diameter of the 
frlt Surface; and CB the Semi-diameter of 
the ſecond Surface. Draw CM at plea- 
ſure, 3 any Angle with C A. Let 
The Proportion' of M D to D be given, 
namely, that which the homologous Lines 
of the Radiant, and its Image bear to one 
another. Join A M, to Which thro B 
draw BE parallel, meeting the right Line 
CM in E; ME taken twice will be the 
ſought Diſtance of the Radiant from the 
Lens. If Dm be taken in the ſame right 
Line, but on the other ſide of the Point 
D, equal to the right Line DM, and join 
Am; Be drawn parallel to this, will cut 
off another We, which will likewiſe ſa- 


tisfy 


Image made by the Lens may bs equal to 4 
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tisfy the Problem : For- the Radiant pla- 
ced at the diſtance of twice me from the 
Lens, 1s to its Image (but then it will be 
made on the contrary ſide of the Lens, with 


reſpect to the former Image) as DM to. 


DC. | 5, $4 *% "x6 
By Corol. Prop. XVIII. The Radiant 
Line is to its Image made by a Lens, as 
their Diſtances from the Lens: But 
if twice ME or twice e be the di- 


ſtance of the radiant Point from the 


Lens, the diſtance of the Image of that 
Point from the Lens, will be to the for- 
mer diſtance reſpectively, as MD to 
DC: As will be plain to any one, who 
will undertake a Calculation according 
to Prop. XV. For if AB be call'd a, BC 
, the Thickneſs of the Lens C, MD, 
and z the ſought diſtance of the Radiant 
from the Lens of Glaſs about which Air 
is circumfuſed; we ſhall have 2 2 


bee TCL x 2072 T acer 
31 ,, e wn 
If the Thickneſs of the Lens be neglected 


(which is done in the Conſtruction of the 


Problem ) the- ſought Diſtance of the 
Radiant from the Len, will be equal to 
2455 2a _ ne 

4 ＋ 6 9341" bs 5 — 1 
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In the Scheme referr'd to, the Lens is 
made convex on both ſides; but the ſame 
Conſtruction will ſerve for any Lens, ſince 
from the variety of Lens, only the order 
of the Points A, B and C is chang d. Ano- 
ther Conſtruction of this Problem is eaſily 
deduc'd from Corol. Prop. XII. 
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Prop. XXI. PR o 8. XIV. 


Jr two given Spherical Lens's or 
Y Specula, or one Lens aud one Spe- 
culum, to male an Optical Machine, which 
to an Eye ſeeing at 4 given Diſtance, ſhall di- 
ftinitly repreſent à given near Object under 4 
given Angie, the Diſtance of the Eye from 
the laſt Lens or Speculum being likewi/e af- 
fig n d. | | | 


Since the Eye is a Machine madeon pur- 
poſe, that the Images of exteriour Radi- 
ants may bediſtinctly painted upon its Bot- 
tom, ( which is made concave for this end, 
as Corol. Theor. VI. requires,) all the reſt 
of its Apparatus conducing only to its Mo- 
tion or Security, which are neceſſary to be 
provided for; it is plain, that a given Eye 
can only ſee diſtinctly at a given Diſtance 


from the Object. Now it the Eye cou'd place 
it 


— 
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it ſelf at pleaſure, at ſuch a Diſtance from 
any Object as is neceſſary to diſtinct Viſion, 


(all other Things, as the Degree of Light, 
& C, being as they ſhou'd be) Viſion wou' d 
always be diſtindt. And tho? there be no 


Eye fo tiff, as to ſee only at a determinate - 


Diſtance, but can according to the flexi- 
bility or mobility of the Parts with which 
every Eye is endued, apply it ſelf to 
Objects placed at different Diſtances, and 
change its Figure according to the Di- 
ſtance given; ſo as to be no longer look'd 
upon as the ſame given Eye, but various 
and mutable, as Occaſion requires: Let 
ſince this mobility is confined within certain 
Limits, and there are a great many Ob- 
jects to which we cannot at Pleaſure come 
near enough to be within thoſe Limits; 
tis plain, there will be need of an Optical 
Machine to fee them diſtinctly. But any 
Spherical Leas or Speculum will be ſu ffici- 
ent for this Purpoſe; ſince by its Aſſi- 
ſtance the Image of any Radiant (to 
which we cannot come ſo near as we 
wou'd) may be brought near us, (as is 
plain from what has been before demon- 
ftrated) and then we ſhall be able to view 
it, fince the Eye is ſuppoſed moveable at 
Pleaſure with reſpect to any Thing near. 

But becauſe, belides diſtin Viſion, our 
Occaſions ſometimes require us to look in- 
to the more minute Parts of an Object ; 
| an 
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and it is found by Experiment, that ar 
Object ſeen under a leſs Angle than of 
one Minute, is conſider'd by the Obſerver 


diſtinguiſh'd one from another: It often 
happens, that when the Object is brought 
nearer the Eye, that the Particles to be 
obſerv'd may be ſeen under a ſenſible An- 
ple, and greater than the fore- mentioned 
one, the'Objett it ſelf becomes too near the 
Eye, and is out of the Limits required 


for diſtinct Viſion, This Inconveniency, 


if it be the only one, may be remedied by 
the Aſſiſtance of any given Lens or Specu- 
lam, by Prop. X. or XX. where the 
Image of an Object made by a given Spe- 
culum or Lens is repreſented in any given 
Meaſure. + 4 | » 
But if both the fore-mention'd Inconve- 
niences urge at the fame Time, they are 
not to be removed without the help of two 
Lens's or Specula, or one Lens and Specu- 
lam, Having ſhown therefore, what Af 
ſiſtance the Sight may receive from a fin- 
gle given Lens or Speculum, we ſhall pro- 
. to Machines made by two combined 
ether; or to conſtruct the Problem pro- 

poſed univerſally. Plate IT. Fig. 23, 24. 
Loet R be the given Object, S the given 
Angle in which it is to be repreſented, D 
the given Diſtance requiſite for diſtinct Vi- 
ſion, and L the given Diſtance of 1 
rom 


as à Point, and its Parts not at all to be 
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from this Lens. Make the Triangle AQR, 
in Which the, Angle at the Vertex O i 
equal o the 5 S, and OE Perpendi- 
cular from the Vertex upon the Baſy 
equal to the given D. If we take t 
middle Point of the Object placed ii 
the Axu of the Lens ot Speculum, par 
in Practice is very convenient, the Tri- 
angle AO B muſt be made Iſoſceles. Take 
OV equal to. L. At M place either of the 
Lens s or Specula, having its Axis in 
right Line OE. a bei eis 31 
By Prop. VI. or XVI. haying one Focus 
E of a, Less or Spęculum given, find the 
other e; that is, that the Rays whoſe H. 
eus be fore Incidence is e, may, have E for 
their Focus after Infection at the Lens or 
Heculum. Thro' e draw the right Line 
4eb parallel to the right Line A E B, 


I neeting the right Lines Ve, V drawa 
) Ichro' V parallel to the right Lines VA, 
- VB, in 4 and b. 1 FU 1 | "v4 201 
iris plain from Prop. IX, or XIX. that 


4e be che Radiant, A E B will be its 
mage; Wherefore if the given near ob- 


- | 
4 eg R, and another Lens or Speculam be 
„placed after ſuch a manner (by Prop. X. 


x XX); that the Image of the Obie R 
nade by this Lens or Speculum, may ob- 
tain the Situation and Magnitude 42%; 
iz Migroſcage required is made. For 
eh. is the Image , of the Object R, the 


58 The Mee Dibjerics 

Anlage VE whith Tanabe, ſeen dy ee Ryt 
plaekd in O, is RHB: New'thisupytar 
Ader che A glb N OB equal>to che gwen 
And at the Diſtance OE eqn! 2 
en P, andi conſequently Alſtisct and 


e Diſtaace df the Rye es laſt Len 
Werte, in V, ds equal £&>rhe"giveg 
17 Q. E. Neon 1239274 921 * 
the given Eye EI, * 
t 


1 Thing: elf6-Yaminin 
ght Line OR betomies: alte, And che 
Toigt e is found by Prop. III. br XIV. 
woff the Object pröpoſed were waſtl/ di 
ak the Problem won'd be vimpotibks 
Bot ir the Angie Bets not given, a le 
lelcope from the remaining dus migh 
maus de made, Ia ehb right Line glven it 
PoſKigh, tend hard the propos d di 
Kant / Object, raight forward from 0 
Lake OE, ON equal t D and 1: Andi 
* place obe ofthe Et55 or Spetula, havin} 
its, Axis in VE. By Prop, VI. er XVI 
dne Form E of the Len: V — given, 
fhd the otlter r, "which being ſuppoſed the 


Thews of Rays before rnfleGti6nr at V, I 
may be their Focus after Inflect ion. In the 
ht Line OE let the other Lens or S 
lam, having its Aris in the ſame, be { 
iced, that the Image of the diſtant Ob 
be ſituated in — 
a 


G made by it, may 
right Line «eb perpendicular to OE, 
| the Teleſcope required i is made, For bo 
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feſt Image of the diſtant Object is in 
46: And the Image of this Image is, 
by Conſtruction, in A E B. whole diſtance 
from O is equal to the right Ling QF op 
the given D; and conſequently diſtinQly. 
ſeen, and the Diſtance of the Eye from 
V-is equal to the given L. But a diſtant 
Object being given, by Prop. XIX. Its 
Image made by a given Les, or Speca- 
lam, and like wiſe the Image of that Hh 
mage made the giyen V, will be gt» 
yen, and conſequently the Angle under 
which this lat is ſeen by the Eye in 2 
given Poſation, u. 26 

But if O be an old Man's Eye, the 

Angle AO E, becauſe of AB being in this 

Caſe vaſtly: diſtant, is equal to AVB ox 
Vb. Therefore the Angles under Which a | 
ditant Object with and Without a Machine | 
appears, are as the Diſtances of the Laus 
or Specala from the common Fo e 
For {mall Angles are almoſt as their Co: 
tangents. Ae 33 . 


Ae 


6 
— 


oo »- - 


x a { } 


ny SCHOLIUM. - 7 Ant 


N Ci en. „ Das £l -: 4 nem 
It will be very convenient that the 
Lens or Speculam, which immediately re- 
ceives the Rays of the Object, and forms 
its firſt Image, (and is therefore calPd 
the Object Glaſs) be as perfect as poſſible. 
For the Errors or 22 of this Lens 
2 or 
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or Speculum affect the Image made by it; 
and ſince this Image acts the Part of an Ob. 
ject, to be ſeen ihre the Speculum or Len; 
V, (which is neareſt the Eye, and there- 
fore call'd the Ocular Glaſs ) its Defects, 
that is, the Defects or Errors of the Objed 
Glaſs by which it is form'd, will be great. 
er: and more ſenſible, by how much the 
Image AE; is greater than 3 %: That is 
by how much more perfect (the Objed 
Glaſs remaining the ſame) the Machine 
is made. But the Errors of the Ocular 
Lens or Spetulum V, are equally ſenſible 
K 0 be the _— 4 — the Ob. 
ject Lens ot Speculum by which it is pro. 
duced: That is, the Ocular Glaſs V re. 
maining the ſame, its Defects are equally 
apparent and diſcoverable, to whatſoever 
Degree of Perfection the Machine, by 
— the Object Lens or Speculun, 
which forms the Image «eb, be brought, 
For the Eye being given, the given Ocu- 
lars Lens or Speculum V is always at the 
ſame Diſtances from the Image 4 eb, do- 
ing the Office: of an Object and its I. 
mage AEB, and conſequently ſhows the 
fame Defects. „ 09 1! 
rr 
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PRO P. XXII. PROB XV. 


VITA Three ar more given Spherical 
Lens's or Specula, to mate 4 Ma- 
chine, which to a given Eye. ſhall diſtiniily 


repreſent 4 propoſed diſtant. Object under 4 


given Angle, the Diſtance of. the Eye - from 


the laſt Lens or Speculum being aſign d. 


By the help of any one of the given 
Lens's or Specala form the Image of the 
diſtant Object, and with the two others, 
by the foregoing Prop. make a Microſcape 
that ſhall repreſent 'it in the Conditions 


propoſed, and the Teleſcope: required, is 


made. ++ Lal 10 191 * 


4 


In like manner with theſe: Lejs's gn Spe- 
«ia may a Microſcope be made, and then 
by adding a fourth, another Telgfcope-; 
In all which we have the Proportion which 
the Image ſeen by the Eye bears to the Qb- 
ject, or which the Angle under which that 
is ſeen, bears to the Angle under which 
this is ſeen. without the Machine : And 
conſequently the Powers of a Machine in 
promoting Viſion, are by Corol. Prop. IX. 
and XVIII. eaſily eftimated. +: + 


H 3 . PRO p. 
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Proe: XXII. PRO I 


50 — 4 Spherical Lens of iG 
- whoſe Thuckneſt us gipun, that! ſpall 
'fethng at's given Diftancey\ repreſent 
Much at 4 inen Diſt ann, 
Wbr u given Hugle diſtindsly, the.\Diſt ance 
of th Eye fim nde Lens being: liltwiſe a. 


Hen d. Plate III. Fig. 1. 

Ws; *. 3111 19 900 Vii. * 1 

We have hitherto Pe 44 AG 
ſtance may be had from given Lens's or 
8 


ela, or both; how ſoe ver combined, in 
or to ſupply che Defects of Viſion; it 
remains, thar we demonſtrate the man. 
ner of making a Lens for given Uſes. 
The radiant Eine A B, whoſe Diſtance 
from the Lens is VE, is to be repreſent - 
ed diſtinctly under the viſual Angle 
4 0 b, ro an Exe ſeeing diſtinctly at the 
Diſtanee Oe. In the Iſoſceles Triangle 
„0b, (whoſe baſe is 46, and Height 
0) upon the Perpendicular Oe (© 
muntsd as to biſect the 'radiant Line 
AB perpendiculariy in E) take OL. e. 
to the given Diſtance of _ Eye 
om the Lens. Draw 4 L, ö L, and 0 


duce dem to D and * Make * 


10 


e to the given Thickness of the Lens. 
rom the right Line VL gwenan Paſition, 
pendicular ta the Glaſs at the Points 

bf — draw the — Rays in 
Glaſs Vs, Va, LH, LG correſponding 
to. thoſe ia Air AV, IV., UL, Bl 
Produce” tha lr Lines HL, GI., till 
they meet with the right Lines Vg, Ve 
in l and . The right Line « 2 joiniq, 
vill out the Perpendicular) e O perpendi 
eularly in , becauſe both the Angles of 
* and of Refraction, on — fide 
of the right' Line Oe are equal. From 
the hei E and „ and the Vertex V. be- 
ing given, fiad. (by Corol. 2. Prop. XV 
the Sphere of Glaſs KVM that may re- 
fract che Rays in Air diverging trom:ÞB, 
ſo as to make them converge towards 
4 the fore · mentionꝰd Conk find alſo 
LP the Surface of a Sphere of AT 
paſſing. thro L, that may refract che 
Rays in Glafs converging towards their 
Focus e, fo as to make them afteruwiards 


diverge from e: The ſolid Figure MKNP, 


made of Glaſs, and terminated by 
the rey Faw wt Surfaces K VM, NL — 
a Conic Surface whoſe Axis is VL, is 
the Lens required. But care muſt be ta- 
ken, that the Portions VK, LN be not 
too great, becauſe all the preceding De- 


ling near the Vertex. F 
| H 4 By 
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monſtrations hold only trus a m__ fal- 
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By Conſtruction, the Rays divergi 

from E, do after. Refraction at — the ' ul 
Surface K VM, converge to the Focus +; 
Wherefore (by Prop. XVIII.) the Image 
of the radiant right Line AB (made by 
Refraction at K VM) is in the right 
Line «3 given in Poſition: But the Ray 
AV, by Conſtruction, after it is -refraQs- 
ed at the Surface KV M comes to the 
Point a; therefore that Point « is the Image 
of the Point A, which is produced by the 
firſt Surface only. In like manner 5 is the 
Image of the Point B, and the right Line 
«+8 is the Image of the radiant right Line 
AE B. Moreover (by Conſtruction) the 
Rays within the Leus that converge to- 
wards e, after they are refracted at the Sur- 
face NLP, diverge from e; . wherefore 
(by Prop. XVII.) the Image of the future 
Image «+«3, made by Refraction at the 
Surface NLP, is in the right Line 4e b: 
But the Ray GL within the Lezs, pro- 
ceeding directly towards «, after it is re- 
fracted, becomes L E, and proceeds from 
a; whence the Image of the future I- 
mage in a, after Refraction at NLP be- 
comes 4: And ſo likewiſe the Rays with- 
in the Lens that converge toward a, after 
Refraction at NLP diverge from 6. 
That is, 4e6 is the Image of the Radi- 
ant AE B, placed at a given Diſtance 
VE from the Lens, made by the Lens 
| NE MP, 
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NKM p, and to be ſeen diſtinctly by a 
given Eye in O, becauſe it is at the re- 
quired Diſtance Oe from the Eye, and 
is alſo ſeen under the given Angle 405 
by the Eye O, which is at the given Di- 
ſtance O L from the Lens, and V is the 
given Thickneſs of the Lens. Q. E. F, - 
The ſame | Conſtruction ſeryes, if the 
Rye of an old Man be given: For in that 
Caſe, aeb is at an infinite Diſtance, and 
the former right Lines 4 L, 6 L muſt be 
drawn thro' L parallel to the right Lines 
O2, Oò given in Poſition, and the Cen- 
ter of the Surface NLP (by Corol. 6. 
Prop. XIV.) is diſtant from L by a third 
Part of the right Line L. 9 25 

But if the Object propoſed be a diſtant 
one, the Conſtruction will become much 
more Simple: For the Center of the firſt 
Surface K VM (by Corol. 1. Prop. XIV.) 
will be diſtant from the Vertex V by a 
third Part of the right Line V «. 


eee 
PRO. XXIV. PRO B. XVII. 


O make 4 concave Spherical Speculum 
of Glaſs, whoſe Thickneſs and Dia- 


meter of Concavity are given, ſo that the 
| Rays 


rob The Elements e Diaptrici. 
Rat porallesi to its Axis, ovfitibed from koh 
its, Surfaces, ſhall be aalleFod. in the fam 
Bent of #3 Axis. Plate IIL. E. a. [121499 * 
SO> Ona royo oh bay col cls 2 
-. (Becauſe it is ound by Exgoriente, thee 
Speruls. made of Meta neithar receivy 
a due Figure _— o ealtly; na; 
preſerve it ſa long. it will be conveiilent 
to uſe thoſe o Glass. Let Ethon betie 
Vertex, of the; ; Concave 1 Glaſs - Surfacg 
EF, A its Center, and B Dithe Thick. 
neſs of the Lens, be given we are tb 
find D C the Semi- di anieter of che © Surface 
G O AH, ſo chat the Rays parallel to A B 
and falling upon tha Concave \\Speculum, 
as wel] thoſe that are reflected from the 
Surface EB E, as thaſe that: are: twice 
refracted at the fore · mantiom d Surface 
BB F at their Entrance iuto it and Emer: 
Gon; out of it, but refled adi fròen the Con- 
ea ve Surface G/D H, may all meet in the 
ſame Point of the Ax#: A Bt Or, which 
is the ſame Thing, a Speculum of Glaſs is 
to be made after ſuch a Manger, that the 
two Images of a diſtant Object made by 
the two Surfaces of the Speculum, may co- 
incille, aud coaſcquently ſo as to be, Hoſt 
werful in burning, or in forming the 
- of diſtant Objects, Nate III. 
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From any Point L of the infinite right 
Line S M, on one ſide take LN equal to BD, 
and on the other ſide LR equal to twice 
BD, from N like wiſe dire@tly torward take 
NT equal to thrice A B, and TV equal to 
twice NT, and V M alſo equal to twice 
RL. On the Center R, with the Radius 
RI deſcribe a Circle meeting the Perpen- 
dicular erected at L in K: Join MK, and 
at K erect the Perpendicular KS meeting 
the infinite right Line firſt drawn, in 8. 
Fig. 2. In the right Line DA from D to- 
wards A, take DC equal to the right Line 
LS: and on the Center C with the Radi- 
» CD deſcribe an Arch of a Circle DG, 
fimilar to the Arch BE deſcribed on the 
Center A, and join EG. The ſolid F- 
gure generated by the Rotation of the 
plane Figure B DG E about the fix d right 
Line BD, and conſiſting of Glaſs, is the 
Speculum required. Q. E. F. 


1 


Fig. 4. But if A B be ſufficiently large in 
reſpect to the Thickneſs B D, the Problem 
will admit of this more expeditious Conſtru- 
tion. Divide B in O, fo that the great- 
er Segment BO may be to the leſſer OD, 
as 5 to 4; produce BA to C, ſo that 
C A may be equal to OD; and C my 
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= 944+18 act-5ce. 
ar wi i; e 
In like manner may a Speculum be made, 


TI had determined to have ſubjoin'd a 
general Calculation for finding the Foci of 
any Specalum or Lens univerſally: But that 
is abundantly done already for Lens's by 
that excellent Analyſt Edm. Halley, in Phi- 
lol. Tranſad. for the Month of Nov, 
2 and elegantly applied to particular 

aſes. | 


SCHOLIUM,. 


Hitherro we have ſhown what Advan- 
tages may be expected from Spherical 
Lens's or Specula, towards the Conſtru- 
ction of Machines: But the different Re- 
frangibility of the Rays of Light, and 
that in given Rays given, immutable, 
and annex'd to certain Colours, _ 

ver 
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ver'd by that admirable Philoſopher Sir 
ISAAC NEWTON, has ſo much di- 
ſturb'd our Dioptrical Reaſonings, that 
no Exactneſs can now be hoped tor from 
Lens's, even tho? form'd into what Conoi- 
dical Figures We pleaſe. But fince the 
Law of Catoptrics concerning the Equa- 
lity of the Angles of Incidence and Re- 
flection, is preſerv'd inviolable in Rays 
however heterogeneous, as the ſame great 
Man obſerves; it is better to uſe a Spe- 
culum inſtead of the Object Lens, which 
forming the Image of a diſtant Object at 
a conſiderable Diſtance, diſcovers the Er- 
rors that ariſe from the different Refran- 
gibility of Rays ſenſible enough, and not 
at all to be diſſembled, if the Rays fal- 
ling unge be admitted by an Aper- 
ture ſufficiently large, which is very 
often neceſſary: But in ſmaller Lens's, 
ſuch as the ocular Ones, the Error is 
ſo ſmall and inſenſible, that they may be 
ſtill ſafely uſed. 5 


James Gregory was the firſt who gave 
a Specimen of this ſort of Cata-Dioptrica 
Teleſcopes conſiſting of Lens's and Specu- 
la, in Optic. Promot. Prop. 59. which was 
many Years afterwards given out by Mr. 
Caſſegrain a French Man, tor his own. The 
fame, upon Phyſical, as well as Geometri- 


cal. 
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cal Accounts alter'd and improw'd, is 
publiſh'd by Sir IS 4 4C NEWTON; 
in his admirable Theory of Lights and Co 
| 4. | 7 SS: ; 8 0 17 


Zinoe Specula, being opake Bodies, can- 
not have the ſame Avis with Lens 
without being perforated at their Ver- 
tex, and conſequently ſuffering an irre- 
parable Loſs (arifing from both theſe 
Cauſes) of thoſe Rays that fall near the 
Vertex, and are moſt accurately refle&- 
ed: The Poſition of the Axis may (by 
Cool. 1. I.) be alter'd as ' we 
pleaſe, by the help of a plane Specalum; 
and by this Means (beſides other Ad- 
vantages) the Necefhity of Perforation is 
uite taken away, and the Loſs of Rays 
lling near the Axis occafion'd by the 
Opacity, is very much dimini{h*d by the 
Obliquity of the ſecond Specailum, whi 

is obſerv'd by rhe Accurate Newro# in 
his Cata-Dioptrical Teleſcope.” But if by 
—— of 5 ſical Difficulties, in turn- 
ing and poliſh r Speculs we 
— tin res A 2 uſe 101 Fts;'s, 
pechaps it wou'd be of Service to make 
che Object Lens of a different Medium, 
as we ſee done in the Fabrick of the 
Eye; where the Chryſtallmme Humour 
(whoſe Power of refracting the W. 
ps. | ight 
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Light differs very little from that of 
Glaſs) is, by Nature, who never does 
any Thing in vain, join'd with the Aque- 
ous and Vitreous Humours, (not differ- 
ing from Water as to their Power of 
Refraction) in order that the Image may 
be painted as diſtin as poſſible upon 
the Bottom of the Eye, There are like- 
wiſe other Advantages of the fore- men- 
tioned Artifice in the Animal Eye, which 
belong not to this Place, 
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N order to remove every 
Rub that might lie in the 
2 Way of a Reader who is to 
begin with this Subject, and 
interrupt his Progreſs thro? 
— this moſt excellent Treatiſe; 
beſides having all along in the Tranſlation 
explain'd ſuch Paſſages as the Author's 
Laconick Style has made ſomething too 
puzzling for a Beginner, and corrected 
ſeveral conſiderable Faults of the Preſs, 
which had eſcap'd his Care, I have thought it 
proper to ſubjoin a few Things, which may 
perhaps be of ſervice to obviate ſome far- 
ther Difficulties, and ſupply ſome ſeeming 
Defects, 
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I. From Prop. VI. Probl. K. 

We may give a Solution of the following 
Catoptrical Problem, for finding the Focus 
of any given Speculum verily: which 
the eAuthor tells us, at the end of his Book, 
it was once his Deſign to have done. 

The Problem is this. The Focus, or Point 
in the eAxis of a given Speculum, from 
whence or towards which Rays — on be. 
ing given, to find the Focus or Point where 
thoſe Rays will again meet, after they fall 
upon, and are reflected by a given Speculum. 

Now this Problem being ſolved in one 
Caſe, namely that of Rays falling upon a 
Convex Speculum, and diverging from a 
certain Point in the Axis of the'Speculum, 
will, mutatis mutandis, be applicable to all 
other Caſes whatever, whether the Specu. 
lum be Convex, Concave, or Plane, and 
whether the Rays fall diverging, conver- 
ging, or parallel. 


[Plate 1. Fig. 9.] Let then BD be a 
given convex Speculum, whoſe Centre is 
A, and E a given Point in its Axis, from 
whence the Rays which fall upon the Spe- 
culum diverge ; It is requir'd to find the 
Focus, or Point C, in which the Rays ED di- 
verging from the Focus, or Point E, do, af— 
ter reflect ion from the convex Speculum BD 
meet. Call E B the given Diſtance of the 

Point 
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Point E from B the Vertex of the Speculum 
4; AgB the given Radius of the Speculum v; 
and BC the Diſtance of C the Focus re- 
quired from B the Vertex of the Speculum x. 
By Prop. VI. Probl. V. AC (r K): 
CB () :: AE (&þr): EB (4). From 
whence ariſes this Equation, dr — dx dx 

Yr hi WAL. 
rx, W ich gives us BC G 2 
for our general Rule; which ſhews that in 
the Caſe of diverging Rays falling upon a 
convex Speculum, the Focus C 1s always 
affirmative, and to be taken from the Ver- 
tex B directly forward: And that the grea- 
ter 4 is, the greater will be the Focal Di- 
ſtance, tillatlaſt d becoming infinite, and con- 
ſequently the finite Term -+r vaniſhing, it 
willbe == or half the Radius: That 
is, the Radiant receding from a convex Spe- 
culum, the Image will alſo recede beyond 
the Vertex of the Speculum, but ſo flowly 
that when the Radiant becomes vaſtly di- 
ſtant, the Image will have got no farther 
than the miadle Point, between the Vertex 
and Centre ofthe Speculum: And vice ver/a, 
the neater the Radiant approaches to the 
Speculum, the nearer the Image approaches 
to it, till at laſt they both meet and coin- 
mide at the Vertex. According to Olſer- 
pat. 2. Schol. Prop. VIII. | 
If EB (d) be equal to A B(r), the Fo. 
W a 


cal 
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cal Diſtance B C becomes = : but if 


E B (d) be equal to half A B (4r) the Fr. 
cal Diſtance will in this Caſe. become 
. 1 


6 — 


4 . 

Now to apply this Univerſal Canon to 
all other poſſible Caſes; the Terms of which 
it conſiſts remaining always the ſame, tis 
only changing the Signs +4- or — according 
as the Caſe requires. For in the Caſe of con. 
verging Rays, the Point in the Axis of the 
Speculum towards which they converge, 15 
on the other ſide of the Vertex of the Spe- 
culum, and conſequently its given Diſtance, 
in reſpect to the former, is Negatzve, or 
— 4. For the fame Reaſon, in the Caſe 
of a concave Speculum, the Centre of the 
Spherical Surtace lying on. the contrary 
{ide of the Vertex, the given Radius be- 
comes Negative, or — r. And in theſe 
Caſes reſpectively, whereſoever the quan- 
tity 4or V occurs, it muſt have a contrary 

Sign to what it had before. 
If then converging Rays fall upon a con. 
vex Speculum, d being in this Caſe nega- 
tive, the Rule will he =: - which 
| _ — r 
Mewes that when 24 exceeds r, the Focus 
wilt be {till affirmative, but if 2d be leſs 
than v, the Facus will be negative, or on 
the contrary ſide of the Vertex of the Spe- 


culum. 


* 
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culum. That is, if the Point behind the 
Speculum, towards which the Rays converge, 
be at a greater Diſtance from the Vertex of 
the Speculum than half the Radius, the Fe- 
cus is ſtill to be taken from B the Vertex 
directly forward, according to Coro). Prop. 
IV. But if its Diſtance be leſs than half 
the Radius, then the Focus muſt be taken 
from the Vertex B backwards, according 
to Corol. Prop. VI. When d is equal to 


r, the Facal diſtance becomes — —dar, 
| | Um - 


and is conſequently infinite. That is, Rays 
converging to a Point in the Axis of a con- 
vex Speculum, at an equal Diſtance between 
the Centre and Vertex, will after reflecti- 
on proceed parallel, according to Coro. 
Prop. III. When d is equal to r, the Focal 
Diſtance becomes r; that is, Rays con- 
verging towards the Centre of the Specu- 
lum are reflected by a convex Speculum 
back again upon themſelves. 

If parallel Rays fall upon a convex Spe- 
culum, d in this Caſe becoming infinite, the 


Rule will be =; r , which ſhews that 
2 


Rays falling parallel upon a convex Specu- 
lum, are collected in a Point at the diſtance 
of half the Radius behind the Speculum, 
according to what has been demonſtrated 
at Prop. III. And conſequently a vaſtly 
diſtant Radiant will have its Image form d 

| in 
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in this Point; whence the Sun's Beams 
will be there collected, and heat or burn 


any thing placed therein. 


If diverging Rays fall upon a concave 
Speculum, the Radius being in this Caſe 


—7, the Rule will be — which ſhews 


that when d is leſs than zr, the Focus is 
affirmative, when d is equal to + r the 
Focus is infinite, and when d is greater than 
z the Focus is negative; and when d is 

ual to r, the Focal Diftance is = — 7, 
That is, if the Point in the Axis of the Spe- 
culum from which the Rays diverge, be 
nearer the Vertex than half the Radius, 
the Focus will ſtill be behind the Speculum, 
according to Prop. J. If it be juſt at the 
Diſtance of half the Radius, the Rays after 
Reflection, will proceed parallel, according 
to Prop. III. If it be at a greater Diſtance 
than half the Radius, the Focus after Re- 
flection, will be on the ſame ſide of the 
Speculum with the Focus before Reflection, 
or Point from which the Rays diverge. If 
it be at the diſtance of the whole Radius, 
the Rays after Reflection meet in the ſame 
Point from which they firſt diverge. 
It is moreover manifeſt, that the more 4 
exceeds 3 r, the leſs will be the zegative 
Focal Diſtance ; but if d be infinite, the 


Focal Diſtance in this Caſe = — , 


mis. 8 — than God. Py f—_ > . —— :; «ay Az a © =, ffe2 
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can be no leſs than half the Radius: And 
on the contrary, the leſs d exceeds 7, the 
greater will be the Focal Diſtance; till at 
laſt, 4 becoming equal to r, the Focal Di- 
ſtance, in this Caſe, —— heath 755 becomes in- 
finite. But when d grows any thing leſs than 
'r,the Focus becoming affirmative, isthrown 
at a great diſtance on the contrary ſide of 
the Speculum; and by how much 4 is leſs 
than; r, the leſs will be this affirmative Fo. 
cal Diſtance. . So that a Radiant placed at a 
greater Diſtance than half the Radius from a 
concave Speculum, the farther it recedes from 
the Speculum, the nearer its Image which is 
on the ſame ſide approaches to the Speculum, 
and at the Centre of the Speculum they meet, 
and afterwards croſs one another, tillthe Ra- 
diant becoming vaſtly diſtant, the Image 
will come within half the Diftance of the 
Radius from the Speculum: And vice verſa, 
the nearer the Radiant approaches the Spe- 
culum, the farther the Image recedes from 
it, and at the Centre of the Speculum both 
meet, and afterwards croſs one another, till 
at laſt the Radiant coming to half the Di- 
ſtance of the Radius from the Speculum, the 
Image becomes vaſtly diſtant : Whence if a 
lucid Body be placed at the diſtance of half 
the Radins from a concave Speculum, it will 
enlighten Places that are vaſtly diſtant, 
If the Radiant comes nearer the Ja 
than 


( 
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than half the Radius, the Image will be 
caſt from before the Speculum to a great 
diſtance on the contrary ſide; and the 
nearer the Radiant now approaches to the 
Speculum, the nearer will the Image like- 
wiſe approach to it, till at laſt they botli | 
coincide at its Vertex, and vice verſa, ac- 
cording to Obſervat. 1. Schol. Prop. VIII. | 


If coxverging Rays fall upon à bon. 
cave Speculum, d and r being in this Caſe 
both negative, the Rule will be. - Ali 
which ſhows that the Focus is always. ze. 


| 

| 

| 
gative. That is, Rays that fall converging Ill ' 
upon a concave Speculum, will always be 
collected in a Point or Focus on this fide | 
| 


1414 © +4 ' 


the Speculum ; according to Corol. Prop. V. 


==; but if 4 be equal to 2 r, the Focal 
; 3 > Moe | | . - 
F _ — 5 f 
| Diſtance is = 2 | | 


| If parallel. Rays fall upon a Concave 
| Speculum, d in this Caſe becoming infinite, 


ö the Rule will be rw — zr. That is, 
Rays falling Parallel upon a concave Specu- 
lum, are collected in a Point at the diſtance 


of half the Radius on this ſide the Spe- 
culum; 


ND 


culum, as has been demonſtrated at Prop. 


III. Whence if the Sun's Beams be re- 
ceivd upon ſuch a Speculum, the fame will 
be the butning Point. — * 
If diverging Rays fall upon a plane Specu- 
lam, tlie Radius r being infinite, the Rule will 
be 2 4. That is, the Focus of diverging 
7 i 

Rays reflected by a Plane Speculum, will 
be at as great a diſtance behind the Specu- 
lum, as the Point from which they diverge is 
before the Speculum; according to Prop. II. 
And conſequently the Image of any Ra- 
diant, made by Reflection from a Plane 
Speculum will be ſeen as far behind the 
Speculum as the Radiant is before the Spe- 
culum; and they will both not only recede 
from, and approach to the Speculum at the 
ſame time, but likewiſe keep an equal pace 
with one another; 

If converging Rays fall upon a flare 
Speculum, d being negative, and r infinite, 


the Rule will be — - - Az that is, Rays 


converging to a Point at a certain Diſtance 
behind a Plane Speculum, will have their 
Focus at an ow Diſtance before the Spe- 
culum; according to Coro). 1. 208 II. 

If parallel Rays fall upon a 
culun, both d and r being in this ca ſc in- 
E fmite, 


plane St e- 
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ſinite, the Focal Diſtance 27 — will be al. 


ſo infinite. That is, Rays falling parallel 
upon a Plane Speculum, will be reflected 
back parallel. Fats ot 

It is worth obſerving, that the conſiderati- 
on of diverging Rays relates to Objects that 
are near us, and ſuch as we examine with 
our naked Eye, or by the help.of a Micro- 
ſcope: Parallel Rays are conſider'd when 
we have to do with Objects vaſtly diſtant, 
and fuch as we look at thro? Teleſcopes, 
And converging Rays fall under our Con- 
ſideration, when the Rays proceeding 


* — 


_ diverging or parallel from any Object are 


by one Speculum or Lens made to converge, 


and then intercepted by the Interpoſition 


of another Speculum or Lens, before the 
arrive at their Point of Convergence; — 
is of great uſe in examining the Effects of 
Optical Machines, made by a Combination 
of more than one Lens or Speculum, and 


_ conftructing ſuch as are proper for any aſ- 


ſign'd purpoſe, where this Contrivance js of- 


ten abſolutely neceſſary. 


There are two farther Uſes of this Me- 
thod, the firſt is, to determine what degree 
of Convexity or Concavity is neceſſary for 
a Speculum to repreſent a given Object at a 
given Focus. And this is very eaſily done from 
the Equatioa firſt found dr — dv— dx H: 


For 4 and x being given; the Radius of 


Convexity 


oY 


n r „ pA mb. 
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Convexity r= . Where it is plain, 


that if xe be greater than d, r will be a ne- 

ative Quantity, and the Problem impoſ- 
fbi for a convex Speculum. That is, if it 
be required to repreſent a given Object, at 
ſuch a given Facus, whole Diſtance on tlie 


other ſide of the Speculum ſhall be greater 


than the Diſtance of the Object on thisſide; 
inſtead of a convex Glaſs, we muſt uſe 2 
concave,” whoſe negative Radius will be 


4 
— — Alter the N manner the 


31181 


5 tavetheRadius of Concavity - 12 — 2 2 — 


J d 
Where i it is maniſeſt, that if 4 be greater 
than x, * will be a negative Quantity, and 
the Problem N for a concave Spe- 
calym, That is, if it be required to repre- 
ſent a given Object, at ſuch a given Focus, 
whoſe Diffance 6n the other ſide of the $pe- 
culum, ſhall be leſs than the Diſtance of the 
Object on this ſide, inſtead, of a concave 
Speealam we muſt "make uſe of a AV, 

— 


whoſe affirmative Radius is 7 
And in both Caſes os 4 be equal to x,, then 
the Radius either of Convexity or Concavity 


| 24x "24x 
= — ==, will be infinite, and 
Sg * y 
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the Problem will be impoſſible for either a 
convex or concave Speculum. That is, if 
it be required that a given Object ſhall be 
repreſented at ſuch a given Focus, whoſe 
Diſtance on the other fide of the Speculum 
{hall be equal to the Diſtance of the Object 
on this ſide, er. of a convex or Concave 
Speculum, a palne Speculum is the only 
one that can be uſed, If 4 be infinite, the 
Radius of Convexity becomes f = ar; 
but the Radius of Concavity = =— 2x, 
will have a negative Value, which ſhews 
that the Problem is impoſſible in the Caſe 
of a concave Speculum, That is, a ' vaſtly 
diſtant Object cannot be repreſented at any 
given Focus behind a concave Speculum; 
but may by a Convex, whoſe Radins of 
Convexity muſt be * tage the given 
Focal Diſtance behind the Speculum. If 
be infinite, then the Radius of Convexity 
ei dannen Ye and 
the Problem is impoſſible for a convex Spe. 
culum; but the Radius of Concavity is 


== = 24: Whence if we would have a 
given Object repreſented at an infinite. Dj- 
ſtance behind the Speculum, we can make 
ufc of none but a concave Speculum, whoſe 
. * 8 1 92 NE I, Radius 
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Radius pf Concavity muſt be equal to twice 
the given Diſtance of the Object. 
Hitherto we have conſider'd the Focus as 


affirmative, that is, behind or beyond the 
Speculum; but the ſame Rule, only changing 


" he 8 0 7 
e Sign of x in the Equation x — -,— 
the Sign o N — 


will equally, hold if we would have the Fo- 
cs negative, or on the ſame fide of the 
Speculum with the Object. For in the Caſe 

a convex Speculum we ſhall have the Ra- 


3 1 : ——2 4 
dius of Convexity = 12 always of a ne- 


gative Value, and conſequently the Problem 


5 always impoſſible for a convex Speculum; 
but in the Caſe of a concave Speculum, the 
Radius of Concavity will be = 72 
which ſhews that the Problem is alwa 5 


poſſible for a Concave Speculum, be the 


quantities d and x as they will. If we would 
have 4 x, then the Radius of Concavity 
will be alſo equal to d or x: That is a Con- 


aye Speculum, whoſe Radius is equal ta 


the diſtance of the Object from the Specu- 


lum, will reflect the Image into the ſame 


* 


place with the Object. 

"Fic other Uſe of this Method is, from 
the Image and Speculum given, to find the 
Diſtance of the Object from the. Specz. 
lum. That is in the Equation firſt —_ 
219 Ir 
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dr du — dx rx, x and r being given, 
we are to find d, which will conſequently 
be => - — = in CONVEX Specula, and in 
Concave = — Whence *tis plain that 
in coxvex Specula, the Problem will be im- 
poſſible, when x exceeds 2 7, but in concave 
Specula it will always be poſſible. That 
is, if the Image is to be at a greater diſtance 
than Z the Radius behind the Speculum, it 
cannot be made by an Object placed before 
a convex Speculum at what diſtance ſo. 
ever: But let the Diſtance of the Image be. 
hind the Speculum be what it will, it may be 
form'd by an Object expoſed at ſomecertain 
diſtance before a concave Speculum. If the 
given Focus be negat ive, or the Image on the 
{ame ſide of the Speculum with the Object, 
then changing the Sign of x, in the foremen. 
tioned. Equation, we ſhall have, in the Cafe 
| TCC 
of conver Specula, 4 1 Gwe, and in the 


Caſe of concave Specula d —= = 50 
that the Problem will always be impoſſible 
for convex Specula, and only poſſible for 
ooncaute ones, when Ir does not exceed x, 
or when the Image is not nearer the Spe- 
culum than by half the Radius. 


Il, 
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II. From Corol. Prop. . 
E may deduce a Solution of the follow 


e : 
ing Catoptrical Problem, of magnify- 
. ing or Jiminiſhing a given Object by _— 
: i Speculum in any aſſign d Proportion. 
2 The Problem is this; To find at : what 
„ Diſtance from a given Speculum it is ne- 
. [ory to place an Object, in order that the 
Homologous Lines of the Image made by the 
FHeculum, may bear any aſſign'd proportion 
0 thoſe of the Object. | 
« M Since it is evident from this Corol. that 
che Homologous Lines of the Radiant and 
n. Image, are to one another as their Diſtan- 
e Nes from the Speculum reſpectively: It 


follows, That if h to c expreſs the Propor- 

e tion which the Homologous Lines of the 
Object and Image are to bear to one ano- 
50 ther, Y will be to c, as d the Diſtance of the 
Object to » the Focal Diſtanceof the Image. 
Whence if we compare this value of x with 


K that deliver'd in the > Ry Problem, we 

J ; | 

- {h h ca _— A ih = 

e- {Hall have FI And conſequent 
ly the Diſtance required 1 will 


20 
II. be our general Rule; and will, mutatis mu- 
tandis, 


| 


| 
\ 
: 
- 
| 
| 
E 
: 
: 


whatever, tho' in its preſent: Form, it re. 


Object, * being negative, in the Caſe of 
convex Specula, *twill be d = == 


and in the Caſe of concave d — 


. ſented behind the Speculum. 


tandi, extend it ſelf to all poſſible Caſe; 


gards the Caſe of convex Specula in parts. 
cular. For concave Specula *twill ſtand 


thus d — — * If the Image be deſired 
on the ſame ſide of the Speculum with the 


— Freer 


ol oft 
46 
br + cv, 
| wy Th 

From whence *tis plain that there is no 
magnifying an Object by a convex Specu- 
lum, for c being in this Caſe greater than 
b, the Rule for the affirmative Focus 
Fe br — cr | 

2C 

lue, and that for the negative Focus 


Pp, on — A BY > _ 3 


will have a negative Va 


1 — C N | & Þ : 
42 — has always a negative Va. 


Jue : So that we can only diminiſſ an Ob- 
jet, and make it appear leſs, by a conver 
Speculum, and that only when the Focus 
is affirmative, or the Image 3 

| * 4 
concave Speculum there is no diminiſhing 
an Object, as long as the Focus is affixma- 
tive, for h being greater than c, the Ru 


in that Caſe 42 by 


2C 


— — wy — — ox 


hus of po, 


— ns QY 


La a> } 


will have a nega- 


— 


tive 


D 


tive Value; ſo that we can only magnifie 
es an Object, and make it appear greater be- 
e | hind a concave Speculum. But if the Facus 
. be negative, and the Image and Object to 
d be both on the ſame ſide of the Speculum, 


lf the Rule being d BWV, = E, ſhews that in 


this Caſe a concave Speculum will magnifie 
or diminiſh an Object in what proportion 
—_—— MM. 

It is to be obſerv'd, that if the Object be 
a Right Line, the Proportion 5 to c will 
expreſs the Proportion between the Object 
and Image themſelves ; but if the Object be 
a Plane Figure, the Proportion þ to c will 
be only Subduplicate of that which the 
Object bears to the Image, as we learn 
from Euclid. So that if h to c be as 2 to 1, 
the Object and Image will be as the Squares 
of theſe Numbers, or as 4 to 1. But it 
muſt alſo be noted, That Painters uſually 
meaſure the largeneſs of their Figures by the 
6. ſimple Proportion of their homologous Lines; 
ſo that when they ſpeak of an Human Fi- 
gure twice as big as the Life, their meaning 
c. 5 that the Homologous Lines of this Figure 
a are twice as great as thoſe of the Life; or 
's 
le 


that the Dimenſions of every Member in 
length and breadthare twiceas great as thoſe 
of the Man repreſented ; tho? properly ſpeak- 
ing, the Picture is four times as big as the 
Life. 
e D If 


. 
.. ²˙ ͤ— «. 


it will, the Rule will always give us th 
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If the out Lines of the Image be deſired \ 
twice as big as the Life, and the Focus I ( 
affirmative, c being in this caſe _—_ than . 
5, the Problem will be impoſſible for any | 
convex Speculum ; hut the Object being 
placed before a concave Speculum at the Di- 


| — 7 
ſtance L Es or Sof the Radius 


will have its Image magnified in the Pro- 
rtion aſſign'd. If we would have the 
14 negative, and the Image repreſented I ; 
on the ſame fide of the Speculum with the I 
Object, {till the Problem will be impoſſible I + 
for a convex Speculum ; but if the Object 
be placed before a concave Speculum at the 
Diſtance © =; or 3 oftheRadius 
its Image made by the Speculum will be 
magnified-in the Proportion aſſign'd. 
Thus let the Proportion þ to c be ml 
Diſtance, at which the Object muſt be 
placed before the given Speculum, in order 
to have its Image magniſied, or diminiſhed 
in that Proportion. I ſhall only add one 
Inſtance more, and that is, ſuppoſing þ and 
c wereequal, and the Focus affirmative ; In 
this Caſe we ſhould have. both for convex and 


+= by =cr „ 


Concave Specula 4 —= . 2 27 == 0: 
2C 


That iz, the Object muſt be placed at the 
very 


— — 
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vefy Vertex of the Speculum, in . which 
Cab we know both Object and Image 
coincide. If the Focus were negative, 
then no convex Speculum will do; and 


7 = 8 = 


ject muſt be placed in the Centre of the 
Speculumm. 2 | 
I here are two farther Uſes to be made 
of this Method; the firſt is, The Diſtance | 
at which the Object is to be placed before | 
the Speculum, and the Proportion in which 

the Image is to be magnified, or diminiſh- | 
ed, being given, to find what Degree of l| 
Convexity or Concavity the Speculum ſhould 
have, in order to magnifie or diminiſh the | 
Image in the Proportion aſſign'd. That 


i in the Rule d ==; dl. l and ebe. 
. 4 5 


ing given, we are required to find r; which 


d ad M RA 0 TT wY 


e I 


_ _ 
— 


e will give us in the Caſe of a convex Spe- 

p culum, and an affirmative Focus, == 3 

F and in = Caſe of a concave Speculum, 

— 2 | 

nf f==> If the Focus be negative, for 

| "WB | 2cd 
convex Specula, the Rule lands ry —= 1 

L | 7 Qcd He 

: for concaye, r —= FTC 

__ D 2 From 


— meet — 
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From all which it appears, that if c be I if t 
greater than h, or if the Image be deſired tw 
greater than the Object, and to be repre- ca 
ſented behind the Speculum, no Convex 8 
will do, but a Concave will, whoſe Radius lun 


is — As likewiſe, if h be greater than 45 


c, or the Image be deſired leſs than the Ob- int 
ject, and to be repreſented behind the Spe- Nx 
4 culum, no Concave will do, but a Convex eq: 


will, whoſe Radius muſt be 5 . If the Nan 


| Focus be required negative, or the Image Ib 
to be on the fame fide of the Speculum Ia 
| with the Object; the Problem is altogether In 
impoſſible for a convex Speculum, whether 
to magnifie or diminiſh ; and always poſ- 
ſible for a concave Speculum either to mag: 
nifie or diminiſh. | 
The other-Uje we may make of this Me- 
thod, is from the Diſtance of the Object 
before the Speculum, and the Radius of 
Convexity or Concavity being given, to 
find the Proportion þ to c, which the Object 
will bear to its Image made by the given 
Speculum. That is, in the foremention'd 
Rule, having d and r given, to find the 
Proportion of h toc. Whence in the Caſe 
of a convex Speculum, and an affirmative 
Focus, *ewill be h. c:: 2d tr; And in the 
Caſe of a Concave, W. : - 2d. r. my 
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if the Focus be negative, in convex Specula, 
twill be h. c:: — 2d — r. r; and in con- 
e, Br :: a , * 

So then in the Caſe of a convex Specu- 
lum, and the Image behind the Speculum, 
b will always be greater than c, becauſe 
24 ＋r is of neceſſity greater than T: And 
in the Caſe of a Concave, b will always be 
eſs than c for the like reaſon; and if d be 
equal to 4 r, then c will be infinite in re- 
ſpect to b. But if the Image be required 
on the ſame ſide of the Speculum with the 
Object, in convex Specula, twill be found 
always impoſſible: And in concave, poſſible 
n all Caſes whatever, both of magnifying 
ind diminiſhing ; for if 4 be greater than 
;, than b will be greater than c; if d be leſs 
than r, h will be leſs than c; and if 4 be 
a to 2 r, then c will be infinitely greater 
than b. 


CRE 
288 


* — oth, P * 
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UI. At Corol. 3. Prop. XV. 


HE Author gives Conſtraction 10 
find the Focus of Rays refracted a 
a Spherical Surface, and towards the latter 
end of that Corol. applies the fame. to the 
Caſe 2. 4 plane Surface : oA frming, that i 
this Caſe the Right Line F M, which deter. 
mines the Focus by its meeting the xi. 
BoA produced ſomewhere in C, will be the 


* 


ſame with a 3 Line, joining the Point 


Fwith another Point taken in B E produced, 
at ſuch a Diſtance from B, as to make that 
Diſtance bear the ſame Proportion to BE 
which eAN does to eAM. Becauſe the 
Tangents of eAngles are reciprocally as their 
Cotangents, PA» 


[Plat. III. Fig. 5.) That this may be 
more eaſily conceiv'd, Suppoſe the Surface 
BD plane, and take the Point C upon BE 


produced, lo as that BC may be to BE, f 
| A 


—— — — — — — 
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AN to AM, and join FC. We are to 


ew that the Right Line FM produced, 
l ix this C vet © the” fie 1 B 


roduced, in the Point C, and there deter- 
mine the Focus. Join EN, EM, and 
on the Centre E with any Radius, as E A, 
deſcribe an Arch of a Circle AG, and draw 
the Tangents of the Angles AEN, AEM, 


which will always be as AN to AM, and 
are in the preſent Caſe thoſe very Lines, 
as likewiſe their reſpeQtive Cotangents GN, 
GK. Since A the Centre of the plane Sur- 
face B D, and conſequently the Right Line 


AMN is at an infinite diſtance from B, the 


Right Line FM becomes parallel to EM; 
a 


nd conſequently if produced beyond F, will 
meet the Axis AB produced ſomewhere, 


ſuppoſe at C, ſo as to make the Triangle 
CBF ſimilar to the Triangle KG B. And 


therefore the right Line EH, paſſing thro? 


the Vertex of both thoſe "Triangles, will 
cut their Baſes CB, G K ſimilarly in E and 
H, fo asto make BC to BE, as GK to 
GH. But becauſe the Tangents of Angles 


are reciprocally as their Cotangents, AN 
is to AM, as GK to GH; therefore BC 
is to BE as AN to AM. And conſe- 
3 the Point C, where the right Line 

M produced meets the Axis AB pro- 
duced, is that very Point C taken at firſt 


upon BE produced, fo as that BC may 
be to BE as AN to AM. Q. E. D. 


IV. 


— . — . 
© ” — "—_— — — — — Bm 


FE 
2 i 


the Foci of Lens's, as far better t 


which Rays diverging fall upon the Lens, A 


face, BD the thickneſs of the Leus, and 


( 
faces of the Lens, We muſt firſt find f 
a 
[ 
1 


a — — — —— —— — — PI — 
— — — —Ü—ö— —äʒäĩͤjä— ͤ . — — —— —— — _ © - > <ea—— — 
— 
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IV. At Prop. XVI. Probl. I. 


HE eAuthor recommends the uſe of : 
Analytical Calculations, for e if 
an the 
very niceſt Geometrical Conſtructions. For 
which reaſon it cannot be improper to give 
the leſs skilful Reader an Example, that he 
may ſee how ſuch Calculations are to be 
manag d. | Ty 


[Plat. III. Fig. 6.] Suppoſe BD to be the 
given Lens, and E a Point in its Axis, from 


the Centre of its firſt Spherical Surface, and 
C the Centre of its ſecond Spherical Sur- 


I to R the Ratio of Incidence to Refracti- 
on. And it is requir'd to find F the Focus 
of thoſe Rays after Refraction at both Sur- 


the Focus of thoſe Rays after their Refra- 
ction at the firſt Surface only, or their Fe- 
cus of Tranſition. Call EB 4, BD t, ABr, 
CDe, Bfx, DF y. By Propofit. XV. 
EA (d4＋ e): Af (-r) +fB(&): 9 


Nn 


D, of ® r.. = OO 


1 
U 


3 
f 
: 
) 


„ 
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(J :: I: R: Whence e the Ex- 


tremes and Means, R dx + 4 4 dx — 


Whence it is plain, that if 4 be ſo great in 
reſpeCt to r, t 14 exceeds R Rx, 
the Focus f is affirmative, and to be taken 
from B the Vertex of the refracting Surface 
directly forward, as at Hg. 6: If Idi is leſs 
than Rd Ry the Focus f is negative, 
and to be taken from B backwards, as at 
Fg. 7; and if Id be equal to R4 A Rx, 
BF becomes infinite, and the Rays proceed 
parallel. 1 


Thus having found f the Focus, after the 
fiſt Refraction, we may by the fame 
means find F the Focus after the ſe- 
cond Refraction. For by the fame 


Prop. XV. Comma ten 
Idr —Idt +Rdt+Rrt Id RA - RINA. 
ee 
CE (»y + ＋ FED :D 
Idr 9 le ) 
I- Ru- I= Ra- RT 
R: I: ¶ to Rat the Emerſion of Rays from 
any Lens, being as R was to I at their 
immerſion into it.) Wherefore multiply- 
ing the Extremes and Means, we have 


— — 


—— —— 


1 44 D D E N Y of: 
Lady + TRdy + IRrty ELA 
— 10 Ry Rab + 45 
5 —+ IRA — IRatę 3 + 
R'rte ; A conſe quently, D (505 = 
Rare — IRdte+R atþ 4. 0% * 
Da IRF Tat Fi 1 ROE 


' 


IR Rr + 1% — e 5 


Which Equation if we put Pak 1 


may be le reduced to DE 055 
pdrp — Rdpt + Rpret 


Wm _— +. Rrt + Ide Rat — Ip 


d is evidently the ſame with that, | which 


the famous Dr. Haley has given long ago, 


in the Philoſophical Tranſactibus, fon find. 
ig the Foci of Optical. Glaſſes ani vel ſully. 
Thi Calculation bing gentrah, will ferve 
for all fort of {Lens's, be the Matter of 
which they are made, an . the 4 Ambient 
Medium what they Will, at ever be 
inn ee 
71 Lexs's whoſe Surfaces are horh conver, 
7 mul ati: mut au dis, - boa extend to Len 
f<any other. Pigure whatever, 'whether 


double<torex or taulle-concuve,  Plano-con * 


vex of plano concave, or 3 
which laſt ſort are commonly call A 
For the Radius of x Concave Ano 
on the contrary ſide or vegative a 15 
ſpe& to that of a carne, and the Rad ids 
ofa plane Surface infinite: *tis only changing 
all 


0 
( 
[ 


E ĩ wů2 ea — = a. a w coun ram e. [ 
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all theSigos or — with which the Radius 
of the reſpect ive Surface, which we would 
have Concave ft of convex, is affected 
in the general Rule; or making all the 
Terms infinite, which involve, the, Radius 
of the refpeftive Surface, which we would 
have plauèe inſtead of convex. - So likewiſe 
if we would have it extend to other Rays 
beſides Aging ones; the diſtance of the 
Point where contehging Rays meet, from 
the fitſt Surface of the Lens, being on the 
contrary ſide or negative, in pe to that 
of dive Rays, and the diſtance of. tlie 
Point where parallel Rays meet, from the 
ſame Surface, being infrite : *Tis only 
changing the Signs of all the Terms whete 
we meet with d, if the Rays are ſuppaſed 
coxverging ; or making thoſe fame Terms 


infinite if the Rays are ſuppoſed parallel. 


In the Cafe of a, gouble-Convem of Glaſs, 
if the ambient Medium be Air, I being to 
Ras 3 to 2, we ſhall have the Focal Di- 
ſtance from the — Surface of the Lens, 

Harp — 248 . ar Ft 
875 gar — at art wh, oy, x the 
ambient Medium be Water, I being 
to R as 9 to 8, the Rule will be 
22 Sat + barge __ 
* 9 dt <- 8rt += gap — r 


For a 


double-Convex of Water, and the ambient 
5 E 2 Nedium 


| 
| 
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Medium of Air, I being to Ras 4 to 3, the 
Rule 18 = 24% — 3d unt 


© ad dt I. Tap 12rp. 
And fora doyble-convex of Diamond, in a Me. 
dium of Air, I being to R as 5 to, the Rule 
would bey= —_£22=24 too 
es S 5c arti geh ß 
If the thickneſs of the Leng be neglect- 
ed, which is generally not conſiderable, 


the Terms where t occurs being rejected, 


the Rule is ſtill farther abridg'd to 
1 = d r | Where it is evident, 
that if 4 be ſo ſmall in reſpect to r and p, that 
ar & dp is leſs than prp, the Focal Diſtance 
J will be negativ e, and 2 _ = 
or the Rays after the two Refractions at 
both Surfaces of the Lens, will ſtill pro- 
ceed diverging from ſome Point, before the 
ſecond Surface of the Lens; and if dr +- &þ 
be equal to pre, y is infinite, and the Rays 
after Emerſion from the Leut proceed pa- 
rellel. The Errour in neglecting # is ſo 
mall, nar if for the eaſe of the Calculation, 
we ſuppoſe a Lens of Glaſs equally convex 
on both ſides, and expos?d to parallel Rays; 
being in this caſe equal to p, and d infinite 
the Focal Diſtance hem t js neglected i 
per 25 7 and when it is conſiderid 


orr 
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4 which is only 


© 
— 


br ꝛ2 t 


56r = t Or = ' 7 Y 
7. leſs than the former. In the caſe of 


converging Rays falling upon a double- con. 
e „ 

always affirmative: And if the Rays 
are Parallel, d being infinite, twill be 


. 206  — 2'Þ,, which alſo gives the 


vex of Glaſs, we have y = 


r N s 


Focus always affirmative, or behind the 
Lens, Diverging Rays falling * 

concave. gi 8 oP. -- 
double-concave, give y — 1 
aways negative, as in the caſe of converging 
Rays on a double-convex twas always at- 
firmative : But if the Rays are converging, 
9 Aro = 
it wil be y = affirmative , 
when dr + dp is leſs than 2rp, qr when 
the Focus of 4. verging Rays collected 
by a double convex is negative, and vice 
verſa ; If the Rays are parallel, tis 


1 == =D IF always nega- 


tive. A planoCorvex Glaſs, the plane Sur- 
face being expoſed tp- diverging Rays, gives, 


being infinite, z 2— ol 


firmative or negative, according as d is grea- 
Et Bt 


Bo — . — 
— 


ſide being turn'd towards the Object juſt 
at the Diſtance of the Diameter of the ſe- 


on the concave ſide to fverging Rays, gives 
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ter Or leſs than __” j if expoſed to converging 


Rays, y = — WIT . 7h always affirmative ; 


if to paralle] Rays, 7 = _ =2< _ 20 00 charths 


Image of a vaſtly iat Object i is always 
form'd by a lows Conde Lens, tlie plane 


e 


cond Surface behind it. A plano. concqve 
Lens expoſed on the plane fide to diverging 


— 2drp. — 24, 
Rays, gives ) = Fa. Fer „ al. 


ways negative; to converging Rays, 
J = 4 25 , affirmative, when the Fo- 
cus of diverging Rays on a Plano. Condes 
is negative, and vice verſa; to parallel Rays, 
er = . 2g, ſo that the Image of 
a vaſtly diſtant Object, is always form' d by 
4 plane: cave at the diſtance of the Dia- 
meter before the ſecond Surface, as it is by 
a plano-Convex behind. A Meniſcus expos'd 


"IG 3 1 1 _— a «Aa nl ati - it. _- Skit. io £©@« —— — 


* — X$ —. — Ip” IIS: only 


when d and 'r are ſo great in "reſpect to p 
that dr excceds de + 2rp: To converging 


1. wa 
Rays 5 7 — — =; = 770 affirmative or ne- 


gative, 
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gative, accordi 8 ea 
15 or leſs WY, f to a Rays 
"(134.1 | Was 2102 275 n 
2 of ae K. is eur chin the 
Radius of :copvexity ; and negative if _ 
and infinite if equal, for the Effects of t 
firſt Surface — in that caſe, exactly 
2 by the oy and the Hops ſuffers 

proceed ſtill para BA. 

n is to be o blerv. ch that it the thickneſs 
ofithe. Les is 17 5 Fd, as- inconſiderable, 
the Focus. gf al forts of Rays falling upon 

any. Leys, will be exactly the, ſame, upon 
whi ever 8 urface of the Lens they are 
firſt _receiv?d. Pte the t thickneſs. of the 
Lens be oonſider d. there will be ſome yo 
ference in the Facal Diſtance, actor Pack. 
you turn this or that Surface of 
towards the Rays. And this difference 1 
eaſily found from le general Rule: For 
upon turning the other Surface of the Len: 
towards the Rays, p becomes , and chan- 
ges to p; by which means tlie Rule will 
give us che Focal Diſtance in both Caſes, 
and ſubſtracting one from the other, we 
find their Difference. 'T n 
the Rule, we ſuppuſe — 1 
being infinite, we Adee — — 


in one caſe y — I —_ 1 1. ＋ Senda 


ON 


] —— —Ü— U] — * —_ 
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on turning the Len y Er — Ret _ 
LE oY "D=Bbire-n7: 
wherefore ſubſtracting one from the other, 
according as por r is greateſt, we ſhall have 
the difference in double Convex, oecaſion'd 


turning the Lens . 5 

e 
| Drrt-r at 
—— 
cable to Lens's of any other Figure, by 
changing the Signs - or of thoſe Terms, 
where we meet with er or p, or making 
them infinite, according as the reſpe ive 
Surfaces are concave or plane. Thus in the 
caſe of a plano. convex, r being infinite, the 
Difference ariſing upon turning the Lens 
becomes Ir — TI 3 or in Glaſs zt, n 
40 211 ! 7 6; 1 ; £ 94 TIT) ” 
[/ Water It, and 2 in Diamond. Which ſhews 
| that the Facal Diſtance is greater by zt when 
the plane ſide of a plano-Convex of Glaſs is 

turn'd towards a vaſtly diſtant Object, then 
when the canueæ fide 5 turn'd to it. After 


pr ne — And this is appli- 
r=t+3p 2 —— 1 5 
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LE 2 
2 — —— 


the ſame manner, the negative Focal Di- 
ſtance of a plane Concave will be greater by 
it, when the plane ſide is 2 
the vaſtly diſtant Object, than when the 
concave {ide is turn'd to it. In donble-con. 


Caves, 


3 A = a oc . . © 1 Rs 


6— 4 ĩ „ 


2 — . — 
» ne" . Ä 


the Difference is = 


caves, Where the Focus is always negative, 
af n 7 15 
bw. _ — 7 according 


8 
as p is greater or leſs than r. In Meniſci, 
the Focal Diſtance, whether affirmative or 
negative, being always greateſt hen 
the concave Surface is turn'd towards a 
vaſtly diſtant Object, the Difference is 
r= +57 when ls _ upon turn- 
ing either {ide fall both one way, and are 
either both affirmative. or negative: But if 


t be ſo confiderable as to be greater than 
3e, the-Focal Diſtance upon turning the cox- 


cove" fide ES. EP a enative; ai 
E ET: aid 


the Foral Diſtance upon turning the convey 


— ber + 2t ' (co ne Tana 
ide - 1 - . negative, and conſe: 


quently their Difference is e 
| = — 3 — # pp; 
And if t were equal to 36, the Focus in this 
caſe upon turning the convex fide to a vaſts 
ly diſtant Object, falling N upon the 
vertex of the ſecond Surface of the Lens, 
and conſequently the Focal Diſtance being 
equal to nothing, the Difference will be the 
ſame with the Focal Diftance upon turning 
the concave ſide, namely, — After 


F the 
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the like manner, may be found from tlie ge- 
neral Rule, the Difference which would ariſe 
upon turning the different Surface of any ſort 
Lens towards other Rays beſides paral- 
lel, whether diverging or converging ; but 
the Canons for the Gase conſiſt of ſo ma- 
ny Terms, and are of ſo little uſe, that 
they are not worth having. 00 


There are three farther Uſes to be made 
of the general Rule above deliver*d ;The firſt 
is, from the Lent and Focus, where an Ob- 
ject is repreſented, being given, to deter- 
mine the Diſtance of the Object from the 
Lens; or the Lens by which we wou'd form 
the Image of any Object, and the Focus 
where we would have it form'd, being gi. 
ven, to determine the Diſtance at hic the 
Object ſhould be placed before the Lezs, that 
it may be repreſented in the given Focus, 


or dry + dy — prey pdrp, r, p p, and) 
being given, tis required to find 45 and con- 
ſequently we ſhall have d= 519 —— 
ane 12 1 Pie; 


where 'tis plain, that if r and ę be fo great 


in reſpect to y, that pre exceeds ry + ey, d 
will be negative : and the Object cannot be 
reprefented in the Circumſtances requir'd, 
unteſs by means of another Lens, ve 0 
5 make 


That is, in the Equation ) —= —- 778 
N N pf 


| 


( 
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make the Rays coming from the Object, 
diverging converge to a Point behind the firſt 
Surface of the Lens given, at the Diſtance of 


. And if pr is equal toy ey, 
Ne -. 3 

d will be infinite. Suppoſe the given Lens 
a double convex of Glaſs, and made of two 
Segments of _ Spheres, but of a thick- 
neſs not eonſiderable, and it is required to 
find at what Diſtance from the Leus a lucid 
Body ſhould be placed, in order to have its 
Beams parallel aſter their Emerſion from the 
Lens, and conſequently its Light throwyn upon 
Objects vaſtly diſtant, which may be t here- 
by illuminated: In this caſe y being infinite, 
and r equal to e, and p equal to 2, we ſhall 
have the Diſtance requir'd d = r. But if 
t be conſiberable, we muſt find d from the 
Rule which takes in the thickneſs of the 
Lens, which gives us the exact value of 


42 rr . 
10 e r 

for —— the 1 uſt men» 
tion'd, were an entire Sphere of Glaſs, 
and the ſame thing requir'd as before, y be- 
ing, as we have already obſerv'd, infinite, 
and r equal top, and moreover t equal to 2r ; 


5 F — 6rry — 4rry 2 
this laſt Rule gives 4 5 272 375. 


2 r, whereas by the former which neglects 
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the thickneſs, we have the Diſtance requi- 


red twice as great, or d ; a Difference 
very conſiderable, if the Spheres be of any 
bigneſs, So then, a lucid Body placed at 
the Diſtance of half the Radius from a 


Sphere of Glaſs, or at the Diſtance of the 


whole Radius from a double-convex of equal 
Spheres, whoſe thickneſs is inconſiderable, 
will illuminate Objects vaſtly diſtant, If 
the given Lens were a Hemiſphere of Glaſs, 
and the ſame thing ſtill requir'd; if the 
convex Surface be firſt, both y and p being 
in this caſe infinite, and # equal to , 
the Diſtance of the lucid Body vill be 


d = 771 — 2r, but if the Plane fide be 
next the lucid Body, y and r being infinite, 


We have d — — = 28 037; there 


being as has been ſhewn before a Difference 
of t in the Focal Diſtance of a plano-convex 
expos'd to parallel Rays, occaſion'd by turn- 
ing the different ſides of the Lens: If t had 
been neglected, we ſhould have had d = ar 
in both caſes, If we have an Object re- 
preſented by a deubJe-coxcave of Glaſs of 


qual Spheres, at a negative Focus the Di- 


ſtance of the Radius from the Lens, and it 
were requir'd to find the Diſtance of the 
Object, , r, and ę being all negative and 
equal, and t inconſiderable, we ſhall = 


Day 


a 


— —_—_ <= — ©A, eo. a 
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12 infinite, and conſequently 
0bje#t is Gi Vj diſtant. The fame thing 
the is vaſtly diſtant. The in 
may be done 7 l other Cafes WiN 
only remembring to make the proper Alte- 
rations according as 7, , or) are negative 
. and conſiderable or inconſide- 
rable. Bo | 
The ſecond Uſe is, from one Surface 
(either rhe firſt or ſecond) of a Lene 
being given already form'd, to find what 
degree of convexity the other Surface muſt 
have, in order to repreſent a ou Object 
at a given Focus. That is, in the Equation 
before uſed dry -f. ay — Prpy = pare, d, 
„ ande being given, to find ę, or Ow 
ing given to find 7: Whence * LVE 
ary ' 
= od .. — and v 22 —— 
dr — d &;—dy+Pey; 
which Will THO any al Lens's be- 
des double-convex, and any other Rays 
beſides diverging ones, by making ſuch al- 
terations as has been already directed. If 
the firſt Surface of a Glaſs Lens were plane, 
and it were requir'd to find what Degree 
of Convexity the ſecond Surface muſt have, 
in order to repreſent an Object at a Focus 
juſt as far diſtant from the Lens as the Ob- 
ect it ſelf: In this caſe d is equal to y, and 
infinite, and confequently ę = 7,5, 4? 
Y that the ſecond Surface of the Len: * 


be made of a Segment of a Sphere, whoſe 
Radius is equal to x of the Diſtance of the 
Object. If the Object to be repreſented at 
a given Focus, be vaſtly diſtant, d being in 
this caſe infinite, the Rule is abridg'd to 


=I; Whence tis plain, that if in 
P 7 If; „ AOL. 
Glaſs y is greater than ar, or the given Fs. 
cus be at a greater Diſtance from the Lens 


than twice the Radius of the given Surface, 
e will be negative, and the ſecond Surface 


% 


muſt be made concave; and if y be equal 


to ar, p is infinite, and the ſecond Surface 

uſt be plane. If the thickneſs of the Leys 

ſo great, that it ought to be conſider'd, 
we muſt find p from the general Rule. 


ITjhe third Uſe is, from the Lens, Diſtance 
of the Object, and Focus being given to de- 
termine the Ratio Refraction. That is, 
in the Equation before uſed dry + dey — fre 
= arg, de Ty f and being given, to find 
— &ry + ay. 
p N ! 


?, which gives us p 


being found, the value of p=F = gives 


the Ratio Ito Ras Æ p to p. If a double- con- 
ver Lens, made of two Segments of the ſame 
Sphere, reptefents, or is required to repreſent 
2 vaſtly diſtant Object, at a Focus the Diſtance 
27 fromthe Leys; d being in this caſe infinite, 
CUM T9 $17 ;DÞ DOB ee | an 


6 © =o ng Mp 
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and r equal to p, and y equal to zr, we ſhall 
have 5 = g J, and conſequently tlie 


% 


Ratio I to R as 4 to, 3 ; whence the Leu 
is made, or ought to be made of the medium 
of Water, If the Focal Diſtance were zr, we 
ſhould have p = 3, or TtoR as'5 to 2, and 
conſequently the Lens would be Diamond. 
If the Focal Diſtance were 4r, then we have 
p=8,orTItoRasg to 8, and the Leps 
is Glaſs, and the ambient mellium Water. 
But if we are very curious in determining 
the Ratio of Refraction, it is done more 
exactly when the Lens is form'd into an 
Hemiſphere, or a plano-Convex,, and re- 
ceiving the Rays of the Sun upon its plane 
ſide, collects them in a Point at ſome Di- 
ſtance behind, which muſt be meaſured 
with great niceneſs; becauſe in this cafe, 
our neglecting ? occaſions no Error at all. 
In this caſe, if the Focal Diſtance is equal 


to thrice the Radius of the Sphere, d and r 


being infinite, and y equal to 3p, twill be 
?=3, or I to R, as 4 to 3; if y is equal to 
25 1 is to Ras 3 to 2; and if y is equal to 
6, then 1 is to R as 2 to 1. 


8 
. 


— 
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EAVES SOENNLS 


V. At Prop. XX. Probl. XIII. 


| ich is, To find the Diſtance at which 

an Object ſhould bo ons from 2 
given Lens, B as that the Image form d by 
the Lens may bear a given Proportion to the 


The Author has given the Conſtruct inn, 
but omitted tlie lente leaving 
the proceſs of the Calculation which ou 
out that Conſtruction, as a tryal of Ski 
to the diligent Reader. But becauſe my 
deſign in publiſhing the Book is to make it 
entirely eaſy ; for fear it may prove too dif 
ficult or diſcouraging a Task to ſome who 
are either not iat enough, or perhaps 
too lazy to go through with it, I have ſub- 
join'd the following, Solution. 
[Plate III. Fig. 6, 7.] Let the given Lens 
BD be a double-convex, and call AB the Ra- 
dius of the firſt Surface a, CD the Radius of 
the ſecond Surface h, BD the thickneſs of 
the Lens C, the Proportion of the homolo- 
gous Lines of the Object and Image as r to b, 


and 


— —ä—ÿ— ———— qudJJ— — — —ů — — - 
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and EB the Diſtance required ⁊, at which 
the Object is to be placed before the Lens 
B, which we ſuppoſe made of Glaſs and 
the ambient medium Air. Tis plain there 
are two different Values of EB (S), accord- 
ing as the Focus F is affirmative, or beyond 
the Lens, as at Fig. 6. Or negative, and on 
the ſame ſide with the Object, as at Fig. 7. 
Both which Caſes ſhall be reſpectively con- 
ſider'd, and included in the Demonſtra- 
tion. A 

By Corol. Prop. XVIII. the homologous 
Lines of the Object and Image are to ano- 
ther as their reſpective Diſtances from the 
Lens; wherefore r is tob, as EB (S) the 
Diſtance of the Object required to DF the 
Focal Diſtance of the deſir'd Image, which 


s conſequently — . But we ſhall have ano- 


ther value of this Focal Diſtance. from 
Prop. XV. For if we look upon f as the Focus 
of Rays ſent diverging from the Object at 
E, after their Refraction at the firſt Surface 
of the Lexs, and F their Focus after both 
Refractions; and call the firſt Focal Diſtance 
Bf x, and the ſecond DF y. Before we 
can find the Focal Diſtance DF, which de- 
termines the place of the Image, we muſt 
firſt find Bf. Now to find Bf, by Prop. 


xp, EA 5 B (s):: ECE) 
ET e of 


— 
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BF O); whence 2) + ay = + 3a&+3ay, 
and Bf O) — == Having found Bf, 


$—24 
the fame Propoſition” gives us D E, 


for L (4385 + e = 5 — 


* 


—_—— 
"4 EA” 
++ 348 = CS + bg 246 *- 5 CD 
23 — 44 ; 
AY — 
(35 7 — E 
e), p; 


(x); whence + 3azx , 3x = bx 
+ 2ncx © 2abx = Gab — 2bcs 
2bzx + aabc = 4abx, and DF 
Gabs — 2bcs + 4abc _ Th 

a = oe = J aa f ab e 
fore comparing the two values of DF 
together, we have this Equation 2 = 
2 Gab — 2bcz + gab 
= 7a% + cc © 3bs + 24ac I" Gab 9 
= zaba F hes. 00 = 2abes 
6ab's = babrs — 2bors — 4aber. 
From whence We have ZZ - 
6abZ— 24 CZ = Gar Z. ＋ 2r CZ. 4arC; 


And if the thickneſs of the Lexs be neglect- 
ed as inconſiderable, all the Terms where 
LC 


34 —C+3b 7 
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C oceurs vaniſhing, we have 23 —= 
babs == Gars 
12a ＋— 36 ? 
aab & aar 


F 


and conſequently EB (z) 


(Plat. II. Fig. 22.) If then We would 
conſtruct this Equation, we have this Pro- 


portion given us for that purpoſe, a : 


<r::24:3. Taking therefore AB 
equal to a, and BC in the ſame right Line 
equal to b; from C draw at pleaſure the in- 
definite right Line C M, upon which cut 
off CD equal to C B (), and from D on 
either ſide take D M, or Dm ſuch, that it 
may bear the ſame Proportion to D C, 
which the Homologous Lines of the Object do 
to thoſe of the Image. Join AM or Am, 
to which thro* B draw BE or Be parallel; 
and twice M E or twice me is the Diſtance 
required in the Problem. For A C (a +0); 
MC or mC (b-<r): : 2AB (24) 2 ME 
or 2 me (2). And conſequently the Con- 
ſtruction gives the true value of 2, as be- 
tore ned Q. ED? 

The fame Problem of magnifying or di- 
miniſhing a given Object by a given Lens, 
in any aſſignd proportion, may be ſolved 
from the Equation above given, for finding 
the Foci of all ſort of Lenss, which if ex- 
preſs'd in the Characteriſticks in preſent 
POE: x _ ule, 
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1 | abs | 
uſe, is 1 — —£= Tab For ſuppoſing as 


before r to hᷣ expreſſes the proportion which 
the Homologous Lines of the Object are re- 
quired to bear to thoſe of the Image, and 
tis defir*d to find & the Diſtance of the Ob- 
ject from the Lens, which is neceſſary to 
perform the Conditions required: By Corol. 
Prop. XVIII. we have another value of the 


Focal Diſtance x — = Whence comparing 


by _ pabs 
both together we have FP ATR 


and conſequently if the Focus is to be affir- 
Bs, ab ＋ par 

Mative S = PE , but if pab be gred- 

ter than az + bz, then the Focus is nega- 

tive, or on the ſame ſide with the Ob- 

jet, and this negative Focal Diſtance is 


— | E 22 and conſequently * 


— Pa 3 
HT, That is, if the Lens be Glaſs, 
Fo — / "CT TY 
the following Equation includes both caſes, 
whether the Image is to be repreſented on 
the contrary or ſame fide with the Object, 


2ab = 2ar 8 
2 - AE Wher e it 15 to be obſery d, 


2 » 
7 


* 


that if the Image is repreſented on the con- 


trary de by a dowble-convex Lens, or at an 
> firmative Focus, jt may be made either 
#21: .. EC EN BCE be a 
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ual to, greater or leſs than the Object in 
* proportion we pleaſe; but if it is re- 
preſented on the ſame ſide, or at a negative 
Focus, y muſt always be leſs than h, and 
conſequently the Image may be ſhewn lar- 
ger than the Object in all the degrees ima- 
ginable, but never leſs, nor equal; for 
when b is equal to r, and the Focus nega- 
tive, $15 = o, and when b is leſs than r, 
z is negative and impoſſible. 

Nor is this Solution confin'd to the caſe 
of double-convexes only, tho made for Lens 
of that Figure, but will with proper Alte- 
tat Vs extend equally to Lens of all other 
forts Whatever; only obſerving to change 
the Signs - or — with which the Radius 
of a coxcave Surface is affected, or making 
the Terms infinite where the Radius of a 
Hlaxe Surface occurs; becauſe it has been 
ſhewn' before, that the Radius of a concave 
Surface bears a contrary Sign to that of a 
convex, and the Radius of a plane Surface 1 
5 infinite. If then the Lens be a concave- 11 
Convex or Meniſcus of Glaſs, and the firſt || 
Surface concave, the Rule for both caſes, 
whether the Focus is to be affirmative or ne- 

. —; and if the 
—4-+b. | 
ſecond Surface be that which is concave, || 
then for the affirmative and negative | 
Foc; reſpectively, the Rule becomes z — | 
— _ _ Where it is to be obſery'd, 
1 ; that 


gative, is 5 A — 
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that in the firſt caſe if the Focus be affir. 
mative, 4 muſt be greater than 5, or elſe 
2 will be negative, and the Problem im- 


(ble; and if the Focus be negative, and 


greater than r, then muſt à be {till greater 
than b, but if þ be leſs than r, then a muſt 
be leſs than Y; or elſe the Problem will be 
impoſſible : And in the laſt caſe, if the Fe. 
cas be affirmative, and h greater than x, 
then h muſt be greater than , and vice 
verſa; and if the Focus be negative, b muſt 
{till be greater than a. Which ſhews that 
in the caſe of a Meniſcus turn'd on the con. 
cave fide towards the Object, the Image 
can never be repreſented at all on the oppo- 
lite ſide, unleſs the concave Surface be 2 
Segment of a larger Sphere than the convex, 
and then it may be ſhewn in what Propor- 
tion to the Object we pleaſe; and if it 15 to 
be repreſented on the ſame ſide with the 
Object, and magnified, the Radius of con- 
cavity muſt be ſtill larger than that of 
convexity, and vice verſa, if the Image 1s 
to appear diminiſhed. And in like manner 
may be underſtood what will happen upon 
turning the convex ſide of the Meniſcus to 
wards the Object. If the Lens be a double- 
concave of Glaſs, the Focus being in this caſe 
always negative, we have but one value of 


—— — 245 a 
25 which 15 — = "29 affirmative only 


when r is greater than b; which ſhews that 
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r- a double-concave can only diminiſh. If the 
ſe ¶ Lens be a plano-Convex of Glaſs, *twill be 
n- | 2 2b * ar; which ſhews that in this 
d. caſe the Object may either be magnified or 
er | diminiſhed, if the Focus be affirmative, but 
ſt only magnified if it be negative. It muſt 
debe noted, that if the ſecond Surface, whoſe 
0 Radius is þ were ſuppos d plane, we ſhow'd 
„have 8 — 2a, becauſe h not only ſtands for 
ce | the Radius of that Surface, but alſo expreſ- 
t ſes the ratio of the Image to the Object, 
at which is conſequently in this caſe infinite, 
. © and the Image vaſtly diſtant. If the Lens 
e be a p12no-Concave of Glaſs, the Focus be- 
ing always negative, we have only one va- 
a2} lueof &, which is 8 — — 2b + zr, which 
r, | ſhews that a plano-Concave can only di- 
- miniſh. 

It may be remark'd, That thoſe Caſes 
e which make the Diſtance z negative, and 
*. the Problem impoſſible for the given Lens, 
may by means of another Leue be made 
5  praQticable : If we firſt receive the Rays of 
the Object upon this ſecond Leut, and be- 
n fore they are collected at the Focus throw 
0- | them upon the given Lens, in ſuch a man- 
ner as to make them fall converging to a 
ſe Point behind the firſt Surface of the given | 
of | Lezs, at the Diſtance of the negative value | 
y of 8. | 
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If the Lens were a double-convex of Wa. 
p being R. „ is = 1298307 

ter, p being = N US >= 2 = 


if of Diamond x ==— ; if of Glaſs 


zab = ar. 
3 
in an ambient Medium of Water & — 


5 2 if of Diamond in an ambient 
Medium of Water & — 1 „ and con. 


formably in all other Caſes. 


If the Image be deſir'd juſt as great 5 
the Object, then for a double-copvex of Glaſs, 
7 being equal to b, the Rule gives the Di 
ſtance required 3 2b 24; where tis 
plain the Problem is always poſſible when 
the Focus is affirmative, but if the Foces is 
negative, tis only poſſible when b is grea- 
ter than a. If the Lexs were equally cos. 
vex, b being in this caſe equal to a, there 
will only be one value of z, and that for an 
aMrmative Focus & — 44: 80 that if the 
Object be placed at four times the Diſtance 
of the Radius from the Leus, the Image 
formꝰ d at its Focus will be juſt as great as 
the Object. If the Homologous Lines of the 
Image were deſir d twice as large as thoſe of 
the Object, 7 being in this caſe equal to 26, 
for a double-convex of Glaſs the Rule gives 
S$— 2b & a, and if the Lens be equally 

| Convex 
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conve x = 34 or à according as the Focus 
is affirmative or negative, ſo that an Object 
placed at the diſtance either of thrice or only 
once the Radius from the Lens, is repreſen- 
ted at a Focus, either affirmative or negative, 
twice as large _— way as the Object, or 
the Image 1n its whole content will be four 
times as large as the Object. If the Homo- 
logous Lines of the Image were deſired 
twice as ſmall as thoſe of the Object, 7 be- 
ing in this caſe equal to 2b, the Rule gives 
for an equally convex Lens only one value 
of the Diſtance 3 — Ga, a double-convex be- 
ing only capable of repreſenting an Object 
diminiſh'd, when the Focus is affirmative. 
If the Image be deſir'd an hundred times 
larger than the Object, or its Homologous 
Lines ten times as large, r being in this 
caſe equal * b, if the Lens be equally con- 
vex, the Rule gives the Diſtance & = 23a, 
or Ja, according as the Focus is affirmative 
or negative. And in general if n to ex- 


preſs the Proportion which A bears to b, the 
Rule laid down at firſt 1, becomes 


pb=p =, and if the Corvexity be equal, 


777 wore — m F . . 
tis x pa 5 From all which it ap- 


pears that with a Lens equally Convex on 
both ſides, in order to magnify a given Ol- 
ject, the Diſtance is always ſomething grea- 

| H tex 


and the more & excee 
Object is diminiſhed, and vice verſa, till x be- 
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ter than pa, when the Focus is affirmative, 
and always leſs than pa when the Focus is 
negative, unleſs the Ratio of the Imageto the 
Object be infinitely great, and then z being 
infinite, tis 2 = pa. That is, in Glaſs the 
Diſtance of the Object muſt always exceed 
twice the Radius, if the Focus is to be affir- 
mative, or fall ſhort of it if negative, and be 
equal to it when the Image is to be infinite- 
ly great, or vaſtly diſtant. And in order 


to diminiſh a given Object _ inthis caſe ex- 

ceeding Unity, the Diſtance, which has but 

one Caſe here, 1s ay greater than 2p; 

5 2fa the more the 

coming equal to 2pa, the Object and Image 
are likewiſe equal. 

All this is eaſily obſerv'd in that common 


Experiment of the Camera Obſcara : Where 
the Rays propagated from External Objects 
are received by a Lens, and tranſmitted in- 
to the Room, and do there paint upon a 


white Sheet placed at the Focal Diſtance 
of thoſe Rays from the Lens, the Images 
of their reſpective Objects, in Colours ſcarce 
leſs lively than thoſe of the Obje&s them- 
ſelves. And hence this Problem of magni- 
tying or diminiſhing a given Object, may 
be of great uſe in painting ; for by admit- 
ting the Image of any Object by means of 
a Lens into a dark Chamber, in what Ratio 
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to the Life we pleaſe, tis eaſy to hit the 
proportion of every part with = exact- 
neſs, which is otherwiſe but ſeldom done; 
eſpecially in fuch Pieces where the Figures 
are either much greater or much leſs than 
the Life. *Tis true, theſe Images that 
are repreſented in the dark Chamber by a 
ſingle Lens appear inverted ; but may be 
made erect by uſing a ſecond Lens after the 
following manner. Place the Olject at ſuch 
a Diſtance from the firſt Lens in the Win- 
dow, that the Image form'd by that, may 
be juſt as big as the Life; then beyond the 


place of this Image fix the given Lens at 


the Diſtance requir'd 2; this will form an 
Image of the former Image which ſhall be 


in the 'Ratio affign'd, and alſo ereft, but 


ſomething leſs lively. What has been above 
deliver'd is likewife of ſervice in the Con- 
ſtruction of the Magick Lant horn, and other 

tical Machines, where the Images of any 
Objects are to be repreſented monſtrouſſy 
larger or leſs than the Life. 


N 
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VI. At Prop. XXIV. Probl. XVII. 


7 Hich is, To make a concave Speculum 
of Glaſs of . a given Thickneſs ; the 
Radius of whoſe concavity. is alſo given, in 
ſuch a manner, that paral ] N re- 
flected from the firſt Surface of the Speculum 
may meet in the ſame Point of its Axis, 
with thoſe that paſs refracted into the Spe- 


culum, and are reflected from the ſecond 


Surface, aud again refracted at their Emer- 
fron from the Speculum, Or the firſt Surface 
of a concave Speculum being already form'd, 
to determine of what Sphere tis neceſſary 
to take a Segment to form the ſecond Sur. 
face in ſuch manner, that an Object vaſtly 


Aiſtant may be;repreſented by Reflection 


from both Surfaces: in one and the ſame 
Place, or that the-two Images may be uni- 
ted, and conſequently be made more lively. 
The Author. has given two ſeveral Conſtru- 
er jons of the Problem; the firſt exact, uy 
1 1 Ts C the 
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the other only near the Truth, but more 
expeditious: But for Reaſons already men- 
tion'd he has omitted their D rat ion, 
which is as follows. - 9158 


[Plat. III. Fig. 8. ] Let AB be the given 
Radius of the firſt Surface, and BD the 
given Thickneſs of the Speculum, and CD 
the Radius required of the hindmoſt Sur- 
face neceſſary to perform the Conditions of 
the Problem. Suppoſe the Point F in F D, 
the Axis of the Speculum to be the Focus of 
the parallel Rays, after Refractiom at their 
entrance into the firſt Surface, p their Focus 
after Reflection from the ſecond Surfac 
and F-their Focus after Refraftion again at 
their Emerſion from the Speculum; tis re- 
quirgd that the Point F ſhould be the fame 
with the Focus of the ſame parale} Rays 
after their Refe&on from the firſt Surface. 
Call the given Radius A Ba, the given 
Thickneſs BDc, the firſt Focal Diſtance 
Bfv, the ſecond Dpx, the laſt Focal Di- 
ſtance BFy, and the required Radius of 
the hindmoſt Surface CD. We muſt 
find theſe Focal Diſtances one after another, 
in order to determine the laſt BF, which 
muſt be equal to the Focal Diſtance of 
parallel Rays reflected from a concave Spe- 
culum. For the firſt then Bf, by Prop. XIV. 
Bf (v): FA (-a): : I: R:: (in Glaſs) 
5: 2; whence Bf) = za. And for the 


348+ 20S» bay — 20) +2$y — 6a — 


quently BF (y)= 3 
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ſecond De, by Prop. L. Dp (x): pC 
(S - K*) :: Df (ac): FC G C-, 
whence zar -C -- = a . - 3απν cx, 
| = C 
and conſequently Dp ( = 5 _ 
Ly, To determine the Focal Diſtance 
BF after both Refractions at the firſt Sur. 
face, and the Reflection from the laſt, by 
Propofit. XV. the Emerſion being out of 


Glaſs into Air, _ (a+c— _Z4Y—CS 


_6a +20 —. 


| * 2 
ber be Kara), 43 
13242 ＋ 40 — 28 ; 


| 43 ＋ CY PE 
(4) ;: oF (GEESE —1—c= 


2c 
BF (y); whence G. 8acy — 422 + 
accy — 2c = 644% + 4acx — 122 — 
gacy + 2a — 12446 — 4acc, and conſe- 


344% EZ -a — 24CC 


gaa fac - qa = &. 

Now this muſt be equal to the Focal 
Diſtance of parallel Rays reflected from 
a concave Speculum, which by Prop, III. 
is juſt half the Radius, whence we 


have another value of B F ()) — = 
And 


| 
4 
| 
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And comparing both together we have 


344% + 24C% — Gaac — 2410 a 5 

gag bac — 3a% + - 2 

aY + 5c — 18a — $cc = qaa, and con- 

equently the Radius required CD (2 — 

gag + I8ac + 5cc ASE: 
pn: Mo 


Fig. 3. If then we would Conſtruct this 
value of CD(z), we have the following 
Proportion given us for that purpoſe 9a ＋ 5c: 
a + 18. 5cc:: D ＋ 18ac+ gcc: 
3. Wherefore making the Rectangular 
Triangle MLK in ſuch manner, that LM 
ſhall be equal to 92 ＋ 5c, and LK equal to 
aa + 18ac + T7 and then drawing 
from K the Perpendicular SK, the Right 
Line LS is the Radius required. For by 


Element. VI. 8. LM (qa +5c) : 
LK (Va + 18ac + 5c) :: LK 
(Vgaa + 18ac+ gcc): LS (S). And con- 
cunt 7 the Conſtruction 2 the true 
value of CD (V as before found. Q. E. D. 


Fg. 4. The Radius required is alſo ca- 
pable of another Conſtruction, ſor making 
an actual Diviſion of gaa + 18ac + 5cc by 

x E 
94. 50, the Quotient is @ += C + pre = 
And if AB (a) be ſufficiently great in re- 
ſpect to BD (c), the Term 5c in the De- 


nominator 


by 
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nami nat or of the Fraction may be neglected 
and then it becomes a — a + c + #c, whoſe 
exceſs above the Truth is not at all ſenſible. 
Wherefore taking DO equal to # of BD(c), 
and making AC equal to DO, CD 
(a+c+5c) is very nearly the true value 
of the Radius required. Q. E. D. 


To ſhew how near this laſt value of 
S ace -c is to the Truth, if we ſup- 
poſe the Thickneſs of the Speculum to be; of 
the given Radius of the firſt Surface, which 
is very conſiderable: In this caſe the exact 
al 4e. „ „ 2. 
value of 3 A c + pert but 1 
or nearly 4, 4 leſs than its value found by 
neglecting 5% in the other Equation 
SA ＋ Cc, a Difference not all conſi- 
derable in Phyſcal Matters. | 
If c be-ſuppoſed equal to 3, which is ſtill 
a far greater Suppoſition, even in this Caſe, 
the value of the Radius & taken from the 
laſt Equation z = @ + Cc + #c, is but 8 4 
or very nearly 1 4 greater than the Truth, 


which is an exceſs not very ſenſible, unleſs 


a be extremely great. But if the Thickneſs 
be greater than in this laſt Suppoſition, it 
will be convenient to take the value of the 
Radius required from the exact Equation 
3 4a . | 
$ = 7 F 82 if c Es 
to 2 a, the Radius required is 124 42, which 
is 
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s about 2. 4 leſs than what it would be if 
ze were neglected. If c be _ to a, the 
Radius required is 25 2, which is about 5 4 
leſs than it would be if 50 were neglected. 
If the Thickneſs be ſo conſiderable as to be 
equal to thrice the given Radius of the firſt 
Surface, then the Radius required is 45 4. 


Hence likewiſe if the Radius of the laſt 
Surface be given, together with the Thick- 
neſs of the Speculum, we may find the Ra- 
dius of concavity neceſſary to unite the two 
Images of a vaſtly diſtant Object made by 
Reflection from both Surfaces. For if c be not 
very great, we ſhall have a - — 5c, 
as near the Truth as need be required in 
Practice: For if we had the exact value 
of a, we cou'd not in practice grind the 
Speculum to the due Concavity, even {0 
near as the value juſt now given. If c be 
conſiderable, the value of 4 muſt be found 
from an Equation of an higher Degree 
94a — 94% +-184c = e — cc; which 


if it be contracted, by putting p for 20 — &, 


— 


will give a = {Ep — ＋ P- 


the Sign of Ip being either — or -+ ac- 
cording as 2c is greater or leſs than E. 
After the ſame manner, having the Radius 
of both Surfaces given, we may find what 

I Thick. 
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Thickneſs of the Speculum is neceſſary to 
unite the two Images of a vaſtly Gillan 
Object, form'd by Reflection from both 
Surfaces, by means of the following Equa- 
tion, 5c + 18a — 5% = gas — aa, 
which if it be contracted, by putting 
7 for 322 — S, will give c F242 * 
v 92% — 9aa +397. 
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VII. A more particular Account of 
MicroscoPts and TELESCO PES, 


from Mr. Huygens, 
PRO p. I. 


O explain the Effefts and Uſes of ſin- 
gle Microſcopes, and the manner 
of making little Spheres and Lens :. 


D Fig. , io, ] Let N be the Lens QRQ, 
the Object at its Focus R, O the Eye very 
near the Lens. The Rays coming from R will 
after their Refraction fall parallel upon the 
Eye, and conſequently make diſtinct Viſion. 
For the Fabrick of the Eye, having its Focal 
Diſtance juſt at the Bottom of it upon the Re- 
tina, requires that the Rays from each ſin- 
gle Point ſhould fall nearly parallel in order 
to be there collected: that is, that tlie 
Baſis of each Cone of Rays flowing from 
every Point of any Object, which Baſis is 
the Pupil of the Eye, ſhould bear ſo ſmall 


a proportion to the Length of the Cone, as 
by I 2 | that 
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that thoſe Cones may be look'd upon as lit- 
tle Cylinders. (The Diſtance indeed requi- 
fite for diſtin& Viſion is not limited to a 
point, but is indulged in larger Bounds ; be- 
cauſe Nature has furniſh'd us with the 
power of contracting the Pupil as the Ob- 
ject comes nearer, and ſo diminiſhing the 
Baſis of each Cone in proportion, and con- 


ſequently of preſerving diſtin Viſion, but 


tlus is only to a certain and that no ver 

great Degree.) But the Object QR Q will 
appcar 1n the ſame magnitude, as if 
the Lens N were removed, and a Plate 
with a ſmall hole in it ſubſtituted in its 
place, namely under the Angle QAQ. So 
that all the interpoſed Lezs does in this cafe, 
is only making diſtinct Viſion which would 
without the Lens be confuſed. But ſinge at 
the diſtance ſuppoſe of 8 Inches from the 
Object, a naked Eye has then diſtinct Viſi- 
on; the apparent Image may be ſaid to be 
ſo much magnify'd as thoſe 8 Inches exceed 
the little Space NR, or the Focal Diſtance 
of the Lens N: which if it be equal to * of 
an Inch, the appearance of the Image ſeen 
diſtinctly by the Microſcope, is to that ſeen 
diſtinctly by the naked Eye as 40 to 1. 
Therefore the leſs the Focal Diſtance of the 
little Lens N is, the greater will its Effects 
be in dilating the Image of a ſmall Object; 


tho” there are ſome Inconveniences (to be 


mention'd afterwards) which here offer 
| . them ſelves, 
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themſelves, and forbid our going beyond 
ſome certain Limits. And the ſame thin 
happens to little Spheres, which may be us? 
for Lenss, and might otherwiſe be made 
as little as we pleafe. But theſe ſmall Spheres 
are inferiour to littte Lezss upon this Ac- 
count, that for the fame degree of magni- 
fying, if both be made of Glaſs, the Lens's 
are three times more diſtant from the Oh- 
ject than the Spheres; and by that means 
leave a ſufficient Space for the lateral Light 
to enter, and make the Colours of the Ob- 
ject viſible ; whereas otherwile we are for- 
ced to turn the Microſcope directly againſt 
the Light, and can only than diſcern di- 
ſtinctly ſuch Objects as by their thinneſs are 
pellucid. 
The Effects of a little Sphere, and what 
has been ſaid concerning the three times leſs 
Diſtance is thus demonſtrated. Fig. 11. 9. 
Let there be a Glaſs Sphere whoſe Cen- 
tre is K, and its Axis AB, in which pro- 
duced on both ſides the Eye is plac'd at D, and 
the Object at C, each of the Diſtances A D, 
BC being taken equal to half the Radius 
A K; And conſequently the Point C is the Fo- 
cus where Rays falling parallel to the Axis 


A, upon the Sphere at A H are after emer- 


ſion collected, as is ſhewnat Ao DEN H. IV. 
Wherefore an Object plac'd at C will ſend 
Rays upon the Sphere, which will after Re- 
fraction be receiv*d parallel by the Eye, and 

7 1 conſequently 
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conſequently make diſtinct Viſion. But by 
. Prop. XIV. if we take the Point F ſuch, 
that FA may be equal to the Radius AK, 
the Point OF is the Focus towards which 
parallel Rays after Refraction at the firſt 
Surface BG do tend in their paſſage thro? 
. the Sphere, and from which they are 
diverted after Refraction at their Emerſion 
and collected at D. Make G E parallel to the 
Axis, and comprehending the Portion of 
the Object CE, and draw the right Line 
ED. The Ray then EG being refracted 
at G, proceeds according to GFP, and being 
again refracted at H, goes on to meet the 
Eye at D. Wherefore the Line CE is ſeen 
under the Angle ADH, which would ap- 
pear to the naked Eye under the Angle 
CDE, which I ſay is but the half of the | 
former. | | 
For. becauſe AF is double of AD, the | 
Angle ADH is double of AF H. But DF | 
is parallel to EG, becauſe GE is both pa- 
rallel to FD, and to be look*d upon as equal 
to it or to the right Line BC; becauſe CE 
is to be a Line very ſmall with reſpect to tile 
Diameter of the Sphere, Therefore the An- 
gie ADH is alſo double of the Angle C DE, 
and conſequently equal tothe Angle CK E. 
From whence it is plain that to the Eye 
placed at D, the Line CE will appear under 
the ſame Angle, in which it wou'd appear 
to the naked Eye ſeeing from the Point K. 
| | W hence 
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Whence if the Diameter of the little Sphere 
AB were , of an Inch, we ſhould have K C 
— # of an Inch, which is to the Diſtance 
of 8 Inches in the proportion of 1 to 128; 
ſo that the increas d Magnitude of the Ob- 
ject wou'd be as 128 to 1, which is indeed 
very conſiderable. But if NR the Focal 
Diſtance of the Lexs be equal to the right 
Line KC, we have ſhewn that by this 
means the Object RQ would be ſeen in the 
ſame Magnitude as if the Eye were plac'd 
at N without the Lens; Nor in the uſing 
this Lexs will the apparent Magnitude be 
any ways changed, in whatſoever part of 
the Axis RN produc'd the Eye be plac'd. 
Therefore tis plain the fame degreeof Mag- 
nifying, and the ſame Effect every way is 
perform'd equally by the Lens N and the 
little Sphere AB. And it 15 moreover ma- 
nifeſt that the Diſtance RN, being taken e- 
qual to K C, is equal to thrice BC, Q. E. D. 
We are next to explain the manner how 
little Spheres and Lens's may be prepar'd 

and fitted for Die. Sets 
The leſs Spheres are to be, the eaſier 
they are prepar'd after the following 
manner. Take the ſmalleſt Fragments 
of Glaſs, and hold them to the lower 
art of the Flame of a Candle where the 
luiſh Colour is diſcernible, that they may 
2 red hot; and then if they be taken up 
y the fineſt Steel Wire that can be got, and 
dexterouſly turn'd, they will be form'd into 
Globules, 


64 DDE N D A. 
SGlobules, which are large enough if equal 
to a Grain of Muſtard-Seed. Out of ſeve- 
veral thus prepar*d; you will find ſome 
very good; which may be tried by inclu- 
_ them in a Braſs-plate, and is thus done. 
Takea Plate of the thinneſt Braſs the breadth 
of a Finger, and twice as much in Length, 
and bend it double; perforate this Rectan- 
gle in the middle with the Point of a Needle, 
and rub the oppoſite holes ſmooth with a | 
Whetſtone, that no roughneſs may remain || 
about the Edges, and black them with the 
ſmoak of a Candle, that no brightneſs may 
continue within. Put the little Sphere, (till 
adhering to the Steel Wire, into the Holes 
within the Braſs Plate, and fix it there by 
faſtning the two Leaves of the Plate toge- 
ther. After this manner you may make 
ſeveral Microſcopes with great eaſe, out of 
which you may make choiſe of thoſe that 
| are beſt. nd 1 0s 3 
The principal Uſe of this ſort of Micro- 
ſcopes, is to look at Corpuſcles that are pel- 
lucid. And they are placed in a Machine 
made in {ſuch manner, that by turning a 
Screw they may approach to or recede from 
the Object, and ſo be brought to the due 
diftance, which is requiſite for diſtin Vi- 
ſion. And to this it conduces very much, 
that the too great Light be reſtrain'd, and 
only admited thro? the Hole, which is about 
four times the diſtance from the Object. 1 


r LN 
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by this means the Aperture of the Lens is 
better limited, than by the breadth of the 
contiguous Hole, which there is no neceſſi- 
ty at all for ſtraitning. The Eye muſt be 
brouglit as cloſe to the little Sphere as may 
be, that it may comprehend the greater 
Pace. ; f _ 

The Corpuſclesor Drops of Liquors which 
are to be look*d at, are put upon a little cir- 
cular plane of Glaſs, which is made to ſlide 
laterally every way, that we may bring e- 


as” part of the Object to be view'd ſuc- 
ceſſi 


vely. Some attract the Liquor to be ex- 


amin'd into capillary Tubes of Glaſs fo ſmall 


as ſcarce to admit an Hair, which lias like- 
wiſe its Uſes. But inuſing thoſe little Lexs's 
before mention'd, care tnuft be taken that 
while by means of another Lens on one {ide 
we caſt Light upon the Object, the Hole of 
the apperture may be exactly limited, by 
trying how much it may lie open without 
being an Hinderance to diſtinct Viſion. For 
here the Points of Corpuſcles emit Rays of 
Light, and are ſo many Radiant Points, 
which is quite otherwiſe in thoſe pellucid 
Corpuſcles that are look d at thro' little 


Spheres, where the Objects intercept the 


Light, not emit it. 4, 
he Effects ofthis ſort of little Lens's and 
Spheres are very wonderful, as may be feen 
from thoſe Experiments with them which 
have been made publick, and from which 
K our 
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our Knowledge of Nature has receiv'd very 
great Light and Information. By theſe the 
Circulatory Motion of the Blood has been 
ut beyond controverſy, which our Lewex- 
boek, the moſt diligent Obſerver of theſe 
Matters, has ſhewn me in the Tail of an 
Eel to my very great ſatisfaction and de- 
tight. For the Blood appears pellucid, and 
conſiſting of reddiſh 'Globules, and runs 
thro? the Channels of the Arteries, which 
are continu'd to the Veins with a very rapid 
Motion. Which without doubt might be 
obſerv'd in all other Animals, if we cou'd 
find out ſuch parts in them as are pervious 
to the Light. He put the live Eel into a 
Glaſs Tube half full of Water, to which he 
externally applied the Microſcope at that 
part where the extremity of the Tail touched 
the Tube. E7 1 1 N 
_ *Tisalfo very pleaſant to obſerve the 24 
nimalcula that ſwim in drops of Water, in 
which we have infus'd Ginger, Pepper, or 
ſomething elſe of an hot powerful Odour 
for ſome Days. They are of various Forms, 
and ſome leſs than others; their Motions 
are wonderful and for their ſize ſufficiently 
quick, nor 1s the Inſtrument apparent by 
which they perform them, for they have 
neither Legs nor Arms, nor do they bend 
their Bodies like Fiſhes. For the little Eels 
in Vinegar, which are much larger than 
they, ſwam like thoſe in the River, in which 
| It 
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it is very much to be wonder'd that they 
ſhou'd generate little ones of themſelves. 
For I ſaw one which had four young. Ones 
within it, (for they are altogether ucid) 
and after it had been kept in the Tube for 
ſome Hours brought them all forth, every 
75 of Which . — ſw im by it 
CI. PT” Tr. el ann | 
It is very probable that thoſe Aimalcu- 
la Which F have faid move about in Water, 
are invited thither out of the Air by the O- 
dour of the Infuſion. For the ſame: Figures 
appear upon macerating ſeveral things in 
Water, but if the Veſſel be cover'd none at 
all appear. Nor is it difficult to conceive 
how they ſhou d be ſupp 
when they are ſo much ſmaller than the fi- 
neſt Duft that is. So that perhaps we draw 
many thouſands of them into our Lungs e- 


very. time we fetch qur Breath, without 


knowing it. Nor wou'd it be uſeleſs to ob- 
ſerve at what time of the Year they appear 
in greateſt Numbers, and whether they en- 
creaſe in a vitiated Air. Milk appears to 
conſiſt of ſmall pellucid Globules ſwimming 
in a Liquor likewiſe pellucid, but of a diffe- 
rent refraction ; and hence it is that it ap- 
pears white, tho” it contains no other mat- 
ter but what is perfectly tranſparent, and 
without Colour, Es 

I omit thoſe many wonderful Forms of 
minute Inſects; the Wings of Butter-flies 
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and Gnats, cover'd with little Feathers ; 
the Powders obſerv'd in the middle of 
Flower-Tops, which are nothing elſe but 
little tranſparent Bladders fill'd with that 
matter, of which the Bees make their Ho- 
ney, and which they carry between their 
Legs'into their Hives. But what ought to 
be look'd upon as the moſt wonderful and 
aſtoniſhing of all, is that an immenſe mul. 
tude of Auimalcula are diſcover'd to ſwim 
in the Semen Maſculinum, after the manner 
of little Fithes, almoſt of the fame Figure 
with a Frog newly form'd and yet without 
Legs. Which eAnzmplcula, I make no que- 
ſtion, enter the Ova'Muliebria, and are the 


Kudiments of what*is brought forth from 
thence. © There are feveral Conſiderations 


which confirm this Opinion, nor is it — 
great Objection that out of ſo = a Mul- 
titude either fey or only one of them comes 
to rerun þ and grows to be an Animal; 


ſince the ſame abyndance- and ſuperfluous 


fruitfulneſs js equally oþſervable in moſt 
Seeds of Trees and Herbs, as of Firr, Pop- 
on RE RES 
TheſeeAuimalcula by reaſon of their won- 
derful ſmallneſs (for even ten Thouſand of 
them are not equal to the ſmalleſt grain of 
Sand) ought to be look?d at thro? ſuch Glaſs 
Globules as have the greateſt power of Mag- 
plying. . 5 


PROE, 


| 
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PRO. II. 


To explain the | Effects of Compound 


. MicrosCOPES. | 
- | 
l 


TE come now to ſpeak of compound Mi. 

croſcopes, by the help of whieh 

> | ſuchObjeAsasare not tranſparent are look d 

at, and their true Colours diſcover'd, and 

; | that much better. and more commodiouſly 
than thro? ſingle Lens. 

[ Fig. 12. 13. Suppoſe the Microſcope be a 
double one, conſiſting of two Leus's, one 
less A, and another greater B. Why we 
; | diſpoſe them ſo, we ſhall afterwards ex- 
plain. And let B be the ocular Lens neareſt. 

the Eye, plac'd ſuppoſe at C; A the Object 
Lens neareſt the Object placed ſuppoſe at E; 

and ABC the common Axis of both Lexs's. 
P | There will be two Caſes, as may be ſeen 
| repreſented in the two Figures to which this 
; Prop. refers. In the firſt, Rays proceeding 
| from a ſingle point E of the Object and fal- 
ling upon the Lens A, are refracted by it 

and again united in the Point P, and there 

: | Inter- 
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interſect ing one another and proceeding to- 
wards the Lens B, are by it refracted and 
made parallel, and ſo enter the Eye at C 
and by that means make. diſtinct Viſion. 
T neceſſary therefore that A E the diſtance 
of the Object ſhou'd be greater than AQ 
the Focal diſtance of the Lens A. And 
the Focus P muſt be found by Prop. XVI. 
or by making EQ, EA, EP, in a conti- 
nual P ion. But the Les B is to be ſo 
plac'd, that its Focus on that fide towards A, 
may fall exactly upon the Point P, in order 
that the Rays may be made parallel after re- 
fraction at the Lens B. All which is eaſih 
done by what has been before demonſtrated. 
The other Figure (13. ) repreſents the ſeveral 
12 D AG, FA H, EA B, proceeding from 
different Points of the Object. A is the mid: 
dle point of the Lens, and AP, AB, AC, 
are made in a continual proportion in order 
to determine the place of the Eye C; for by 
this means however ſmall the Aperture of the 
little Lexs A may be, the whole Lens B will 
nevertheleſs be fill'd with the Image of the 
Object, becauſe the Rays falling from A upon 
the whole Leus B, are collected in the Point C. 
[ Fig. 13. ] But the proportion of the ap- 
parent Magnitude to the true, will be found 
by drawing the right Line CF. For the pro- 
portion required will be the fame with that 
which the Angle BCH bears to the Angle 
ECF; which proportion is compounded 0 
| the 


J- 
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the 1 of the Angle BC H to BAH, 
and of the Angle B A H or EA E to the Angle 
— F. But the _ — 2 * bay with 
the proportion of the right Line AB to 
pra rom laſt that of CE to EA, — 
gles that are ſmall are look d upon to be to 
one another as their Tangents. Therefore 
the proportion of the apparent Magnitudeto 
the true, will be compounded of the pro- 
portions AB to B Cor APto PB (for AP, 
AB, A C are in a continual Ee tion) and 
CE to E A. But that the Effects of the Mi- 
croſcope maybe more exactly eſtimated, the 
Angle B CH is rather to be compared with 
the Angle, under which the right Line EF 
would be ſeen at the diſtance of 8 Inches 
from the Eye, that is with the Angle ELF, 
LE being taken equalto 8 Inches, according 


* 


to what has been ſaid before of maggilying 
by a ſingle Lens. And conſequent the pro- 
portion of magnifying muſt be here under- 
ſtood to be compour of the proportion 
of the Angle BC H to BAH, and BA Hor 
EAF to ELF; that is, of the proportion 
of AP to PB, and ef EL, a line 8 Inches 
long, to the right Line EA. For if the Mi- 
croſcope were of o great length, that for ex- 
ample, CE ſhould be two foot long, that is 
equal to thrice the right Line LE; and the 
apparent Magnitude to the true, were found 
by the former Reaſoning to be as go to 1, 
yet it is not really any greater than as 30 

to 


72 ADDENTD eA. 
to 1; becauſe the right Line E F wou'd on. 
ly appear 30 times greater by the Aſſiſtance 
of the Microſcope, than it wou'd if view'd 
by the naked Eye at the diſtance of 8 Inches. 
For we are not to conſider how much, by 
means of the Microſcope, we magnify an Ob- 
ject at the diſtance of two Feet; but how 
much greater it is made, than when view'd 
at that diſtance, to which we bring our 
Eye when we deſire to look at any thing 
more curiouſly. 


of 
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Of the Liar and AvERTURE of 


MicroOscoPEs: 


Pon the eAperture of Microſcopes all 
their Effects and Virtue entirely de- 
pend ; ſo that from hence it 15 that we are 
to learn to what degree the magnifying of 
Objects may be brought ; which no Body - 
that I know of, has hitherto determined. 
And it will be found that we may here pro- 
ceed ad inſinitum, as ſhall be ſhown in Je- 
leſcopes, not indeed in a ſingle Microſcope of 
one little Lezs, but in thoſe which are made 
by a combination of more than one. 

In Microſcopes made of a ſingle Lens, 
it is to be obſerv'd, that if their Focal Di- 
ſtance be about half an Inch or greater, there 
will be no occaſion for limiting the per- 
ture in order to make diſtinct Viſion; be- 
cauſe the very narrownels of the Pupil of the 
Eye excludes, as much as there is occaſion, 
thoſe Rays that diſturb V iſion, and as much 
as they wou'd be excluded if the Leus were 
made to have a leſs eApe#ture. But in ſmal- 
ler Leus's where this Limitation of the A.- 
ferture is neceſſary, the Rule is that the D- 

„„ ameters 
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ameters of thoſe Apertures ſhou'd be in the 
ſame proportion with the Focal Diſtances of 
the reſpective Leuꝰs, in order to have the 
Object ſeen by both equally diſtinct. But the 
Light or Brightneſ« will be ina duplicate pro- 
portion of thoſe Focal Diſtances; fo that the 
more convex the Lens is, the greater indeed, 
but then the more obſcurely will every thing 
be ſeen, 

[ HEg. 14. ] Let P be a ſmall Lens, whoſe 
Axis is TBF, PD the Semidiameter of the 
Aperture, which Experience teaches to be 
the greateſt that can be admitted, and that 
leſs than the Pupil ofthe Eye, F the extreme 
Focus of Red Ray, ( which are leaſt re- 
frangible) parallel to the Axis, 
in which Point ſuppoſe the Object to be pla- 
ced, and B the Focus of Violet colour'd Rays, 
which are moſt refrangible. The ſame things 
being ſuppoſed in a ſmaller Lens p, the Se- 


midiameter of whoſe eApertare pd is to the 


Focal Diſtance pf in the ſame proportion as 


in the greater; I ſay the Object will be ſeen 


equally d iſtinct in both. 

For ſince the Ray E D parallel to the 
Axis falling upon the Lens P is refra- 
ted unequal and divided into its extreme 
Colours by the Angle FDB, ſo that the 
extreme Colour Red paſles to F, and the 
extreme Violet. Colour to B; it will happen 
on the contrary, that a Ray F D proceeding 
from the Object will be divided into it's ex- 

treme 


t 
] 
t 
| 
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treme Colours by an Angle E D K, equat to 3 
FDB. Therefore in both Caſes FD B is 
the hs uf of eAberration, upon which de- 
pends the Aberration of the Rays in the bot- 
tom of the Eye, as ſhall be {ſhewn when we 
come to ſpeak of Teleſcopes. But ſince from 
the Nature of this eALerration, PF is to FB, 
" | as PF to Fb; and alfo by conſtruction PD 
is to PF, as pd to p; it follows that the 
| Angles as well PF D, pF d, as PB D, p V d 
are equal. Wherefore the difference of the 
Antecedents, P FD, PB D, is equal to the 
difference of the Conſequents fd, Pd; 
that is, the Angle F D B is equal to the An- 
le F d b, and conſequently the eAberrations 
in the bottom of the Eye are in both Caſes 
equal, and by that means Viſion equally 
_ diſtin. | ot 
Moreover becauſe the Angles P FD, 
pF d are equal, it is plain that the ſame 
uantity of Rays in both caſes proceeds 
rom the ſame points of the Object F and f 
or any others, upon the Leass, and from 
thence to the Eye. But the Breadth of the 
Object in the Bottom of the Eye is in the 
ſmaller Lens ſo much greater, as PF is 
| Sem than p /, as has been before demon- 
rated; and the apparent Surfaces are in 
a duplicate proportion of thoſe Breadths. 
Therefore the ſame —_— of Lucid 
Rays expended towards illuſtrating eac1 Y 
Surface, will make that which is leaſt 
L 2 the 


E 
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the cleareſt by ſo much as the other Surface 
is greater, that is, in a duplicate proportion 
of P F to pf, which was the laſt thing to be 
demonſtrated. _ | 2 
Since therefore the ſame perfection of Vi- 
ſion which is to be found in larger Lens, 
cannot be had in more convex Lens's with- 
out diminiſhing the Brightneſs of the Object 


I: at the ſame time ; It follows that we cannot 


proceed in magnifying as much as we pleaſe, 
unleſs a greater Light be borrow'd ſome- 
where elſe to illuſtrate the Object. Nor 


will this be of any great Benefit, becauſe the 


Latitude at the Pupil of the Eye, or the lit- 
tle Cylinder of Rays nowing from every 
point of the Object, and which has here the 
ſame Latitude with the Aperture, cannot 
be contracted farther than the fifth or ſixth 

rt of a Line; ſo that even this limits the 


| Efficacy of theſe little Leus's. 


, » 


The Effects of more compounded Microſ- 
cotes ill caſily be accounted for, after the 


fame manner. And indeed a full Conſide- 


tation ot Prop. XXI. and XXII. is ſufficient 
ſor explaining the Effects of all forts of com- 
poun d Microſcopes. N | 


- 


0 
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Of TELESCOPES. 
PROP. III. 


Teleſcope made by @ convex ' \and con- 
cave Lens repreſeuts vaſli diſtant 
22 diſcintt and erect; aud magnifies 
them according to the Proportion of the Fo- 
cal Diſtance of the convex Lens tothe Focal 
Diſtance of the concave Lens. 

Fig. 15. Let AO be the common' Axis of 
both Lexss; and A the extreme Convex 
Lens, whoſe Focus of parallel Rays proceed- 
ing from the vaſtly diſtant Object is fuppos*d 
to be at O. Let D be the Concave Lens, 
which is ſo placed between the Leas A and 
its Focus O, that the fame Point O may al- 
ſo be the Focus of the Concave Lens, where 
Rays falling parallel from the ſide of O 
would be collected. And firſt ſuppoſe the 
Eye of the Spectator placed next to this 
Lens „ 

The Rays then proceeding para Nel from 
each Point of the vaſtly diſtant Olject, and 
falling upon the Lens, thoſe mans Pee 

| from 
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from that Point of the 0bje&, which is in 
the Axis produced, would be collected at the 
Point O ; but they are again made parallel 
by means of the Lens D. We wonld have 
the Rays fall parallel upon the Eye, that 
the Teleſcope may be fitted for thoſe who 
have good Eyes ; For we ſhall ſpeak after- 
wards of ſhort-{ighted Eyes. In like man- 
ner the Rays proceeding from thoſe Points 
of the vaſtly diſtant Object which are out of 
the Axis, would be all collected at reſpeCtive 


Points near O; but theſe alſo by Refra- 


tion at the Lens D are again made parallel, 
tho? ſomething Oblique to the Axis A D, 
which Rays, to avoid Confuſion, are not ex- 
preſs d in the Figure. Therefore the Rays 
which proceed from the wald diſtant Ob. 
ject being made to fall parallel upon the 
Eye, will make diſtinct Viſion; and ſince 


thoſe Rays that 2 from the Ohject go 


on to meet the Eye in the ſame order, tis 
plain the apparent Popoſition of the Object 
will be the ſame with the true, or the 0b. 
ject will be erect. 

Fig. 16. The Leus's AC and D, and the 
Point O being placed as before, find by 
Prop, XVI. the Point P, to which Rays 
tending, will by Refraction at the Lens 
AC be collected at D the Centre of the 
Lens D: Which Point is alſo found, by 
making DP a third proportional to D O, 
DA, and taking it on the ſame ſide _ 

| DO. 
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DO. Suppoſe the Ray ECP to be one 


of thoſe which proceed from the extreme 


right ſide of the vaſtly diſtant Object, which 
imagine to be the Moon, and its Centre to 
be placed in the Axis D A produced. It is 
plain that this Ray will come to the Eye in 
the Right Line CDF, becauſe it paſſes thro? 
the Centre of the Lens D, whoſe middle 
Thickneſs may be neglected as inconſidera- 
ble, and its two, Surfaces in that place 
look*d upon as parallel. But we have ſhewn 
before that all the Rays proceeding from 
each Point of the Moon, will by means of 
ſuch a Teleſcope fall parallel upon the Eye. 
Wherefore the Eye will receive all the Rays 
from that PointE of the Moon in ſuch man» 
ner, as that they ſhall be parallel to the Ray 
CDF; and conſequently will ſee that Point 
of the Moon in the place to which the Right 
Line DC tends, which tending to the 
fame ſide of the Axis, on which that point 
of the Moon is ſituated, from whence the 
Rays proceeded, tis plain the Object will 
appear Erect. Moreover the Angle ADC 
determines the Semidiameter of the Moon, 
as encreas'd by the Teleſcope. But the 
Angle CPA is that which determines its 
Semidiameter, as ſeen by the naked Eye, 
becauſe we before ſuppoſed the Ray ECP 
to proceed from the extreme right ſide of the 
Moon, and the Ray HAP from its Cen- 
tre: For tho? the Point P 1s = 

Ye, 
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Eye, and the Eye ſees from the Point O 

8 the Moon being an Object vaſtly 45 

ant will appear under the ſame Angle to 
the naked Eye, whether it be view'd from 
the Point P or O. Therefore the Moon 
will appear magnified, according to the Pro- 
portion of the Angle ADC to APC, 
which Proportion may here be look'd up- 
on as the ſame with that of PA to DA. 
But becauſe by Conſtruction, DO is to 
DA as DA to DP; by inverting and 
compounding the Proportion AO will be 
to OD, as PA to AD, Wherefore the 
apparent Magnitude will be to the true as 
AO to OD. Q. E. D. 

It appears from hence that the apparent 
Magnitude 1s the ſame, in whatſoever place 
behind the Lens D the Eye is ſituated. 
Hg. 17. Let the Lens AC and D be 
placed as before, and let A Q be taken in 
their Axis produced equal to A O. And 
out of thoſe Rays which proceed from a 
Point of the right fide of the Moon, 
let us conſider the Ray R QC paſſing thro? 
the Point Q, (for ſome one will paſs thro? 
it) and meeting with the Lens AC in C. 
Tt will. afterwards become parallel to the 
Axis AD, and when refracted again at the 
. concave Leys, will diverge, as if it came 
from the Point L, and will tend to the Eye 
in the Right Line LI E, ſo as that the 
Diſtance LD may be equal to DO, = 

| caule 
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cauſe L is in that Caſe the Focus of parallel 
; | Rays falling upon the Lens „ 


) The Proportion of the encreas'd Magni- 
: | tude is hence eaſily collected. For becauſe 
: the Rays proceeding from the right extreme 
. | ofthe Moon, after having paſſed both Lenss, 
come parallel to the Pupil G E, and conſe- 
quently they become parallel to the Ray 
. I F, which we know to be one of them ; 
) that Point uf the Moon will appear in the 
Right Line IL, and conſequently tlie Se- 
> | midiameter of the Moon will be compre: 
| hHended inthe Angle IL D. But the Angle 
in which the Semidiameter wou'd appear 
to the naked Eye, either from D or from 
Q, is RQH, or CQA. Therefore the Pro- 
portion of the encreas'd Magnitude is the 
{ame with that of the Angle DLI to AQC; 
that is, becauſe of A C, DI equal, as AQ, 
; to LD. But AQ 1s equal to AO, and 
LD is equal to D O: Therefore the Pro- 


portion of the apparent Magnitude to the 
true is as AO to G D. N. E. D. 


To determine what will be the Amplitude 
of the viſual Angle, or of the Space which 
1 repreſented at one view by a Tele- 
{cope conſiſting of a Convex and Concave 
Lens. | ag 


M Eg. 
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- Fig. 18. The Amplitude of the, viſua! 
eAngle in theſe Teleſcopes, depends chieffy 
upon the Magnitude. of the Pupil of the 
Eye, whizh is confirm'd by 2 | 
For if applying your 8 ta the Teleſcope, 
ou firſt ſhut it that the Pupil may be di- 
ated as it uſually is in the Dark, and then 
open it on a ſudden ; at firft view you will 
| diſcern Objects in a larger Orb | 
while afterwards, the Orb being preſently 
contrated as ſoon as the Pupil is contracted 
by the Brightneſs of the Light. But if you 
ce a Plate perforated with a ſmall Hole 
efore the Eye, you will diſcern every Ob- 
je a leflerOrb;... - 
If you make the Hole extremely ſmall, 
the lucid Orb will not be contracted in 
ortion to the ſmallneſs of the Hole; 
ut its Amplitude will then be limited by 
the Aperture of the Convex Lens, and con- 
ſequently will not be diminiſhed beyond a 
certain Degree, except the Convex Lens be 
alſo more contracted. The Reaſon of which 
is very eaſy to be explain'd. For if EF 
be the convex Lens, and B the concave, 
to which the Pupil of the Eye apply'd has 
firſt the Magnitude C D: Draw from the 
52 Points C, D in the Circumference 
the Pupil, through the Centre of the 
Lens A the right Lines CA H, DAG. 
Theſe will determine the viſual Angle, un- 
N 1 der 


Fer Orb than a little 
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fer which that part of any Obje& which 
5 ſeen at one view is comprehended: Be- 
55 Nu Ras B from the Points G, H 
| Centre of the Leut A, penetrate 
* wa Bhs ue ale den to C and D; therefore 
that part of the Object 1 8 is compre- 
hended within the Angle GA H, cannot 
but ſend Rays to the * even tho the 
Pupil were. a: little ay ps than D BE. 
For 15 406 A K lo as to make A K 
ay 2A and joining E K; If ſo be 
Cal upon "the Pupil, the Obſect compre- 
5 — — the Angle GAH will be diſ- 
cern'd, but theextreme Points towards which 
the right Lines AG, AH tend, will be 
ſeen bur obſcurely, becauſe only a {mall 
part of the Rays, which they caſt upon the 
Lens E F enter the Pupil. And hence it 
happens, that how much ſoever the Aper- 
ture of the Lens E F is contracted, the Am- 
plitude of the viſual eAngle is never- 
theleſs not at all, or extremely little dimi- 
niſhed, ſo the Orb of the Pupil be not con- 
tracted. But this breadth of the Pupil be- 
ing diminiſhed, and reduced as it were to a 
Point, the Amplitude of the viſual eAngle 
is the fame with that of the Angle EPF; 
E F being Tuppoſed the Aperture of the 
convex Lens, and” the Point P found by 
Prop. XVI. or by making BO (the Di- 
ſtance of the W Lens from the _ 
; 2 0 


* 


nual Proportion. For no Rays, tranſmit- 
ted through the Lexs A can arrive at the 
Point of the Eye B, but ſuch as before they 
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of the convex) BA and BP in a conti. 


fall upon that Len tend towards the Point 


P. The greateſt Angle EPF of which 


T3 
* 


Rays is determin'd by the Aperture of the 


Lens A, 


Fad 


bis is the Teleſcope which was firſt 


found out by Galilæus, and ſtill retains his 


* 


Name: And is the fame with a common 


Ferſpectiye Glaſs. 
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2 0 p. Ty. 


af ene ade of two Chit Lens's, 
repreſents vaſtly diſtant Objet di int 
inberted, and magnifies them according to 
the Prop ortion of the 4 Diſtance of the 
ene or Object Lens, to the Focal Di- 
| france of the Interiour or Ocular os 


(Rg. 19, 20.] Let AC be the exteriour 
convex Lens, D the interiour, A D the com- 
mon Axis of both, and O the Focus of the 
Len, AC. Let the other Convex D be ſo 
placed, that the ſame Point O may be alſo 
its Focus, or the Point of concourſe of 
rallel Rays coming from the ſide of G, where 
the Eye 1s ſuppoſed. We are to ſhew that 
all this being ſuppoſed, vaſtly diſtant Ob- 
jects will be ſeen diſtin, and inverted and 


_— 2 to the Proportion ol 
to (2 D. 


And 


* 
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And here we muſt make uſe of two ſe- 
veral Figures, as in the preceding Propoſe 
tion, in the firft of which the Rays coming 
parallel to the Axis HA, are by the Re- 
Ction of the Lens A C collected at its 
Focus O, and from thence tending farther 
to the Lens D, are by it again- made pa- 
rallell to the Axis A D, and ſo come to the 
Eye placed at G. And as in the preceding 
Prop. we muſt again conſider this compo- 
ſition of 8 Rays, as coming from a 
ſingle Point of the vaſtly diſtant Object, 
which is placed in the Axis HA D, as ſup. 
poſe from the. Centre of the Moon; and 
the like. parallel Rays coming from every 
other Point of the Ohect upon the Lexr A C, 
as ſuppoſe fromthe extreme right ſide of the 
Moon, which are inclin'd to the former, 
and being thereby refracted, are collected 
in a Point of the Axis near O, where in- 
terſecting themſelves, and proceeding to the 
Lens D, they are again made parallel, (that 
is, only among themſelves reſpectively) and 
Jo arrive at the Eye. Whence *tis plain, 
| Viſion will be As + diſtinct, 2; 
The other Figure ſhews the inverted Si- 
tuation, and the Proportion of the encreas'd 
Magnitude of the Object. Where the con- 
vex Lens, A C and D, and their common 
Focus O being placed as before; and more- 


over, as in the ſecond Demonſtration of 


preceding Prop. the Diſtance A Q being 
made 
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the ſame manner. For if out of the Rays 
which proceed from a Point in the extreme 


right fide of the Moon, we chooſe one RQ C 
paſſing thro the Point Q: That, after re. 
fraction at the Lene AC will paſs in CI 

rallel to A D, and being again refracted 


the Lens D, will tend along the right 
Line IF L to the Point L, taken in fuch 
manner that the Diſtance DL is equal to 
DO. But becauſe the Rays from the ex- 


treme right ſide of the Moon, after refraRti- 


on at both Lens, arrive parallel at the Eye, 
as has been ſaid before, and IF L is one of 
them; It follows that they will all fall paral- 
lelto TEL upon the Eye, and that Point of 


the Moon will be ſeen in a Place, accord- 


ing to the right Line FI; which ſince it tends 
tothe oppoſite ſide to that from whence thoſe 
Rays came, 'tis plain that the ſituation of the 
Moon will appear inverted, ſo that the right 
ſide will be changed to the left, and the up- 
per Parts to the lower. Moreover ſince the 
Centre of the Moog will be ſeen 1n the right 


Line DA, ILD will be the apparent Angle 


of the Semidiameter of the Moon. But to 
the naked Eye, that Semidiameter is com- 
rehended under the Angle HQR, or AQC. 
herefore the Ratio of the apparent Magni- 
tude to the true, is as the Angle DLI to 
AQC, that is as AQ to DL; becauſe A C, 


DI 
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made equal to AO; the remaining 
the Demonſtration will proceed much after" 


DI are equal, that is as AO to O D. $3 


7 


* 
— of 


And here likewiſe it appears that it ſig-- 
nifies nothing to the apparent Magnitude, - 
whereſoever the Eye is placed behind the 
Lens D. But that it may comprehend moſt 
at one view, it is convenient it ſhould” be 
placed at or near the Point L: Becauſe it 

appears, that altho? the Breadth of the Pu- 
pil be ever ſo little, yet the whole Lens D 
while it does not exceed the Aperture of the 
Lens AC (for it is uſually confined with- 
in this Meaſure) will be ſeen full of the 
Object. br 1 


This is the Teleſcope moſt commonly 
uſed, to look at Celeſtial Bodies. 
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| O explain the Conſiruftion of a Te- 
leſcope compounded of four Convexes, 
by means 0 which Objects are ſeen erect and 
very amply. 4 
[Ex. 21, 22. Ge es made of two 
Convexes, becauſe of their Inverting the 
poſition of the Object, are ſeldom uſed, ex- 
cept in obſerving the Stars, the poſition 
of which is not regarded. The proportion 
in which this Sort magnifyes the Object has 
already been demonſtrated. But if we wou'd 
have theſe Images again made ere, and at 
the ſame time a great ſhare of them be re- 
preſented to the Eye at one View very 
1 70 we mult uſe 3, 4, 5 or more Lens. 
Which however are not to be multiply'd 
without Cauſe, becauſe the Matter of each 
of them and the Reflexion of their ſeveral 
Surfaces divert part of the Rays. But we 
cannot obtain the defir'd Effect perfectly, 
with fewer than 4 Lens's. For altho' in the 
ſame Length of the Teleſcope both an erect 
Situation and the ſame degree of magnify- 
ing, and an equal ſhare of the Object may 
be had as well with 3 as 4 Lens; yet the 
N com- 
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compoſition of 3 Leus's is much more con- 
venient than that of 4; becauſe in that, the 
two Ocular Lens, or at leaſt that which is 
next the Eye muſt be made of larger Seg- 
ments of a Sphere, with reſpect to its Dia- 
meter, or to the Focal diſtance, if the ſame 
Magnitude of the viſual Angle be requir'd. 
And hence the Objects come to be colour d, 
and right Lines, at the Margins of the A- 
perture, appear Curve. Therefore we muſt 
make our Teleſcope of 4 Leus's, which 1s 
done after the following Manner. 

Ihe exterior or Object Lens is A, whole 
Focal Diſtance is AB, and in the ſame Axis 
are placed three Ocular Lenss, C, D and E, 
all equal to one another, the inmoſt of which 
is Fee; beyond the Focus B, by its Focal 
diſtance BC, and the next D is placed be- 
yond C, by twice that diſtance BC, and the 
laſt as far from D as that was from C, and 
laſtly the Eye muſt be placed beyond this 
laſt by the diſtance B C. 

There is here again occaſion for two Fi- 
ures, in the firſt of which are repreſented 
ays proceeding from a ſingle Point of the 

vaſtly diſtant Object: Which, *tis plain to 
any who underſtand what has gone betore, 
firſt fall as it were parallel upon the Lens A, 
and are by it colledted at its Focus B, and 


thence diverging fall upon the Lens C, which 
makes them again parallel and throws them 
upon the Lens D, which collects them at its 

Focus 
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Focus H, the middle Point ofthe diſtance DE, 
from whence proceeding on to the Lens E 
they are by it made a third time parallel, and 
being receiv'd ſo by the Eye E, they make 
diſtin Viſion by being collected at its Fo- 
cus which is in the bottom of the Eye. 


The other Figure conſiders the Propor- 


tion of Magnifying, which is, That which 
B the Focal Diſtance of the Object Lens 
bears to BC the Focal Diſtance of one of 
the Ocular Lens's. And demonſtrates like- 
wiſe the Amplitude of the Viſual Angle. For 
the Apertures of the three Ocular Lens 
being ſuppoſed equal, which muſt not ex- 
ceed the Aperture of the Object Leus A; 
draw MQ, NR parallel to the common 
Axis, and comprehending the Diameters of 
the Apertures of the Lexs's E and D. And 
alſo KO, LP parallel to the ſame Axis, and 


comprehending K Lthe Aperture ofthe Lens 


C: and taking AG equal to AB, draw the 
right Lines, OGU, PGT interſecting one 
another in G. Now it is evident the Lati- 
tude of the Object which if ſeen by the na- 
ked Eye from the Point G, and conſequently 


from F alſo, the diſtance of the Object being 


as it were infinite, wou'd appear compre- 
hended in the Angle TGV ; if ſeen thro? 
the Teleſcope wou'd appear comprehended 
in the Angle MFN : And conſequently the 
proportion of the apparent Magnitude to the 
true, is as the Angle MFN to the Angle 
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TGV or PGO; that is, PO and MN be- 
ing equal, as the diſtance A G to the di- 
ſtance EF; that is, as AB the Focal diſtance 
of the Object Lens to BC the Focal diſtance 
of one of the Ocular Lens's. Q. E. D. | 

It appears moreover that' the Viſual An- 
gle MEN comprehends the ſame Latitude 
ofthe Object, with a Teleſcope made of two 
Lenss only A and C; for that ſhare of the 
Object which is comprehended in the 
Angle TGV, wou'd be ſeen thro? that Te- 

leſcope in the Angle KSL equal to the An- 
ole M FN, 

This incomparible Compoſition of Lezxs's 
was found out by I know not whom at Rome, 
and may be much improv'd by placing an 
eAnnulus or Ring either at H, the common 
Focus of the Lens's D and E, or at B the com- 
mon Focus of the Lenss A and C; which is 
eſpecially of very great Uſe in meaſuring the 
Diameters of Planets. For this Anulus does 
therefore exactly circumſcribe the Circle of 
the apparent Images, becauſe it cuts off thoſe 
irregular Rays which are not collected near 
enough to B or H, and conſequently are not 
by means of the ſucceeding Lens's ſent pa- 
rallel to the Eye, which diſtinct Viſion re- 
quires; And the Colours likewiſe near the 
Margins are by this Contrivance taken a- 
way, which without it are not weil 5 be 
avoided, 4115 . 


I 
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It may ſeem a little ſtrange that the Co- 
lours of the Iris ariſe no more in this Teleſ- 
cope by the Refraction of ſo many Ocular 
Lens?s, than in that where there is but one; 
but to any one that will conſider it, the Rea- 
ſon will be very Obvious. For the Lens QR 
corrects and takes away thoſe Colours, which 
the Lens KL produc'd, their Spherical Sur- 
faces being equal by Conſtruction. 


Of the APERTURE of the LENs's. 


Since the proportion of magnifying in 
Teleſcopes made of two Lenss has been 
ſhewn to be that which the Focal Diſtance 
of the Object Lexs bears to the Focal Diſtance 
of the Ocular Lens, it may be thought per- 
haps that however ſhort the Teleſcope be, the 
Object may be magnity*d inany aſſigned pro- 
portion. But there are two Cauſes which make 
this impoſſible; One is, that the Aperture 
of the Object Lens remaining the ſame, the 
more we magnify the Object by uſing a leſs. 
Convex Ocular Lens, the more obſcure we 
make them appear. The other 1s, that it 
repreſents them leſs diſtinct. And it we ex- 
pect a Remedy by encreaſing the Aperture, 
the Confuſion will be the more encreaſed. 
What belongs to the Brizhtneſs or Obſcuri- 
ty ill be eaſily underſtood by attentively 
con dering the Image of any Object painted 
upon the Bottom of the Eye; which tlie 

| | greater 
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greater it is made, whether by means of the 


7 


Refraction of Lexs's, or only by approach- 
ing nearer, in ſo much greater plenty muſt 
the Rays from every Point be receiv'd with- 
in the Eye, in order that the ſame Brigbi- 
acſe may ſtill remain. For if looking at an 
Object with the naked Eye, you approach to 
it twice as near, the Image at the Bottom 
of the Eye will be twice greater in Diame- 
ter, and four times in Area. But four times 
more Rays do alſo from every Point of it 
enter the Pupil of the Eye; becauſe the An- 
gle made by the Cone of Rays becomes 
twice as large; and therefore it is that the 
ſame Brightneſs of the Image is perceiv'd at 
both Diſtances, which is the Contrivanceof 
Nature. But if a Teleſcope were to be made 
which ſhou'd magnify the Diameter of any 
Object ten times, and repreſent it as bright 
as when it is look'd at with the naked Eye; 
the Diameter of the Aperture of the Object 
Lens ought to be ten times greater than the 
Diameter of the Pupil, altho? no part of the 
Rays were 1atercepted by the Reflection of 
the Surfaces of each Lens, or by the Colour 
of the Glaſs. For by this means, when the 
Surfaceof the Object is magnified an hundred 
times we have alſo an hundred times more 
Light than was receiv'd by the naked Pupil. 

But a much leſs Meaſure of Brightneſs 
{uffices for Teleſcopes; for thoſe which we 
uſe in the Day-time, are not too obſcure, if 


they 
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they have but 3 or 7 of that Brightneſs which 
is uſuallya perceiv'd by the naked Eye. But 
thoſe longer ones with which we obſerve the 
Moon and the Planets, require not above 
half this laſt Brightneſs, becauſe the Eye is 
moved with a much leſs Brightneſs in the 
Night than in the Day. So that in a Tele- 
ſcape 30 Feet long, which magnifies the Dia- 


meters of the Planets 109 times, and wou'd 


conſequently require the Diameter of the A- 
re ofthe Object Lene 109 times greater 


than the Diameter of the Pupil, that is of 


about 11 Inches, if we ſuppoſe the Diameter 
of the Pupil to be # of an Inch; we find - 
that an Aperture of 3 Inches in Diameter 
ſuffices, which admits leſs than of that 
Brightneſs which wou'd be admitted by an 
Aperture of 11 Inches. | 

The Proportions between the Focal Di- 
ſtances of the Object Lens, (which is like- 
wife the Length of the Teletcope ) the e. 
Perture of the ſame Object Leue, the Focal 
diftance of the Ocular Lens, and the apparent 
Magnified Diameter of the Object, for Teleſ- 
copes from the Length of 1 Rhinland Foot to 
Loo, are expreſs'd in the Table following. 


TABLE 
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The Focal | The Diameter of | The Focal Di- 
Diſtance of | the Apertureof | | ſtance of the 
the Object | the Object Lens, | Ocular Lens, 
Lens, or the . 

Length of | 
the Tele- 1 
ſeope. . 
Rbinland Feet. | Inc bes, V Decimals. | Inches, N Decimals, 
I. 0,55» | 0,61. 
2 0,7. 0,85. 
3. 0595. 1505. 
4. 1,09. 1,20. 
5- 1523. 1535. 
6. 1, 34. 1,47. 
7 1545. 1,60. 
. | 1,55. 1,71. 
9. 1564. 1,00. 
10. 173. 1,90. 
n 
i 5 
20. 2,5. 2570. 
25- | 2574+ | 3701. 
30 | | 3,00. 3530. 
r 3524 | 3356. 
40. 3746. 3581. 
45 307. | 404- 
JO. 3,87. 426. 
55 4:06. 4.47. 
60. 4524. 4,06. 
65. 4,42. 4,86. 
70. 4,58. 5504. 
75. 4574+ 5521. 
k 80. | 4590. 5739. 
85. 5705. 5556. 
YO. 5520. 5572 · 
95. 5734. 5587. 
100. 5748. 6503. 
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O explain the Manner of fitting a Te- 
4755 for obſerving Eclipſes of the 

Sun, and diſcovering the Spots in its Surface, 
aud to determine haw great its Image will 


be repreſented. 


[ Fig. 23, 25. ] A Teleſcope is found to be 
of great Uſe in obſerving Eclipſes of the Sun, 
and, alſo in diſcovering the Spots which are 
ſaid to be in its Surface ; by receiving the 
Image form'd by both it's Lezss upon a 
white Plane, from which the Light is eve- 
ry other way excluded. In order to explain 
which Invention we muſt firſt demonſtrate 
the Poſition of the Lens's which is necęſſary 
to form the Image of the Sun, as clear and di- 
ſtinct as may be. 

Let A B be the convex Lens next the Sun, 
whoſe Focus is E. The other is D, either 
concave or convex, for either of theſe ſorts 
of Teleſcopes will do the Buſineſs, tho? a 
Teleſcope of two Convexes is the moſt con- 
venient, becauſe we make it repreſent the 


O Images 
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Images ere, while by the other ſort we 
invert them. Let the point K be the Focus 
of the Lens D, where Rays coming from the 
ſide of H parallel are after Refraction by it 
collected, and in ¶ ſuppoſe the white Plane 
placed in order to receive the Image of the 
Sun. Which that it may appear diſtinct and 
nicely terminated, *tis neceſſary that the 
Rays which 1 from any one Point of 
the Sun, and which fall parallel upon the 
Lens AB, ſhou'd again be collected in one 
point upon the Plane. Wherefore the Di- 
ſtance between the Leus's AB and D ought 
to be ſomething greater than inthe common 
Diſpoſition of the Teleſcope, or than when 
it is fitted for a good Sight; and the poſi- 
tion of the Lens B ought to be fuch that the 
Rays which wou'd otherwiſe tend to the 
Focus E of the Leu AB, may be diverted 
and brought to H, which may be done by 
Prop. N I. or by taking EK, ED, EH in 
a continual Proportion. But in the common 
Diſpoſition of the Teleſcope, the Focus K is 
required to coincide withthe Focus E, as has 
been ſhewn above. So that here the diſtance 
of the Lens is increas d by the Space EK, 
which will always be fo much jeſs, as the 
Diſtance E H is 1ncreas'd. For the Diſtance 
DK which is the given Focal Diſtance of 
the Leu D, is divided in ſuch manner in E, 
that HE1s to ED, as the ſame E D to E K. 
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[Eg. 24, 26. ] How — the Diameter of the 
Image of the Sun will appear upon the Plane 
H may thus be determin'd. Draw from the 
Centre of the Lens AB to the Lens D 
the right Lines BP, BQ, comprehending 
an Angle equal to that, under which the 
Sun's Diameter appears without a Teleſcope; 
And make BG a third Proportional to BK, 
BD, and join GP, GQ, which will con- 
ſequently give G the Focus of Rays diverg- 
ing from B after refraction at the Lens D, 
which produce till they meet the Plane pla- 
ced at H in the Points L, M. I ſay LM 
will be the Diameter of the Sun's Image 
repreſented upon the Plane LH M. For 
produce PB, QB towards O and N. 
Therefore ſince from the extreme Point of 
the real Diameter of the Sun on the right 
Hand fide, Rays are ſent upon the whole 
Lens AB, which are all to be look d upon 
as parallel among themſelves, and to the 
right Line O B; one of them will proceed 
along the right Line OB, and penetrating 
the Lexs, go on in the right Line BP, be- 


cauſe B is the Centre of the Lens, whoſe 


Thickneſs is here neglected. For the ſame 
Reaſon, one of the parallel Rays from the 
left extreme of tlie Sun's Diameter, weill 
proceed along the right Line NBQ. But 


moreover, both will be refracted in ſuch 


manner by the Lezs D, that diverging from 
O 2 their 
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EN 
their Focus G, they will proceed along the 
right Lines PL, QM, which are the right 
Lines GP, GQ produced. Therefore tis 
plain the Point in the right Hand extreme 
of the Sun will be repreſented at L, and the 
oppoſite Point in the left extreme at M. 
For ſince the Image of the Sun is required 
diſtinct, it is neceſſary, that where one 
Ray proceeding from any Point of it falls 
upon the Plane, all the reſt which proceed 
from the ſame Point ſhould be collected 
there alſo. Therefore the Diameter of the 
Image is LM; And by a Teleſcope made 
of a Convex and Concave, the Image is 
inverted, and by one made of two Con- 
vexes it 15 repreſented erect. Q. E. D. 
But it muſt be obſerv*d, that the greater 
J. M the Image of the Sun is, the Lens's 
AB and D remaining the ſame, the leſs 
clear and diſtinct will it be. For if all the 
Rays deſcending from the Sun upon the 
Lens AB, ſhould poſſeſs a Space in the 
piace LHM equal to the breadth of the 
Lens AB; that is, if they were to form the 
Image of the Sun equal to the Aperture of 
the Lens AB, this Image would be as clear 
as if the Plane were enlightned by the Sun 
wirhoud the Interpoſition of Lens's. No re- 
ſpec being had tothoſe Rays wWhichthe Lens 
reſlect, or by reaſon of their imperfect Tran- 
parency do not tranſmit, which perhaps 
Bil n occa⸗ 


* 


1 DDE ND A. 
occaſions a loſs of above half the whole 
Number of Rays. But if the Sun's Image be 
made larger, which is neceſſary to be done 
in Obſervations of this Nature, it will then 
be ſo much the more obſcure. But Ex 
rience is the beſt Judge to determine in 
what Magnitude it will be moſt convenient 

to repreſent the Sun's Image in theſe Ob- 
ſervations; by trying firſt one, and then 
another Diſtance of the Plane from the Te- 
leſcope. Where it is to be obſerv'd, that 
as we encreaſe this Diſtance, the Diſtance 
between the Lens AB and D ought to 
be a little diminiſh'd, in order to preſerve 
the diſtinctneſs of the Image; the Reaſon 
of which has already been given. 
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